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INTRODUCTION. 


During the summer of 1913 the Secretary of ——— 
established a board to reorganize the system of publica- 
tions of the Department of Agriculture. In accordance 
with the proceedings of the board and the ee 
from representatives of the Weather Bureau, the ‘‘Bul- 
letin of the Mount Weather Observatory’’ ceased to be 
published with the completion of its volume 6. Any sub- 
sequent contributions from the members of the research 
staff that would have been proper for that Bulletin will 
be incorporated in the Monthly Weather Review. The 
climatological service of the Weather Bureau will be main- 
tained in all its essential features, but its publications, so 
far as they relate to purely local conditions, will be incor- 
orated in the monthly reports for the respective States, 
erritories, and colonies. : 

Beginning with January, 1914, the material for the 
Monthly Weather Review will be prepared and classified 
in accordance with the following sections: 

Section 1.—Aerology.—Data and discussions 1elative 
to the free atmosphere. 

tions by any competeat student bearing on any branch 
of meteorology and climatology, theoretical or otherwise. 

Section 3.—Forecasts and general conditions of the 
atmosphere. 

Section 4.—Rivers and floods. 

Section 5.—Bibliography.—Recent adlitions to the 
Weather ‘Bureau library; recent papers bearing on 
meteorology. 

SECTION 6.— Weather of the month.—Summary of local 
weather conditions; climatological data from regular 
Weather Bureau stations; tables of accumulated and 
excessive precipitation; data furnished by the Canadian 
Meteorological Service; monthly charts Nos. 1, 2, 3, 4, 5, 
6, 7, 8, the same as hitherto. 
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In general, appropriate officials will veer the six 
sections above enumerated; but all students of atmos- 
pherics are cordially invited to contribute such additional 
articles as seem to be of value. 

The voluminous tables of data and text relative to 
local climatological conditions that have during recent 
years been prepared by the 12 respective ‘‘district edi- 
tors” will be omitted from the Monthly Weather Review, 
but will in future be collected and published by States at 
selected section centers. 

The data needed in Section 6 can only be collected and 
prepared several weeks after the close of the month whose 
name appears on the title page; hence the Review as a 
whole can only issue from the press within about eight 
weeks from the end of that Basel 

It is hoped that the meteorological data hitherto con- 
tributed by numerous independent services will continue 
as in the past. Our thane are especially due to the 
directors and superintendents of the following: 

_ The Meteorological Service of the Dominion of Canada. 

The Central Meteorological and Magnetic Observatory 
of Mexico. 

The Director General of Mexican Telegraphs. 

The Meteorological Service of Cuba. 

The Meteorological Observatory of Belen College, 
Habana. 

The Government Meteorological Office of Jamaica. 

The Meteorological Service of the Azores. 

The Meteorological Office, London. 

The Danish Meteorological Institute. 

The Physical Central Observatory, St. Petersburg. 

The Philippine Weather Bureau. 

The General Superintendent United States Life- 
Saving Service. 
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SECTION I.—AEROLOGY. 


FREE-AIR DATA IN SOUTHERN CALIFORNIA, JULY AND AUGUST, 1913. 


By the Aerial Section—Wwa. R. Buare in Charge. 


(Dated, Mount Weather, Va., May 26, 1914.] 


The Astrophysical Observatory, of the Smithsonian 
Institution, and the Mount Weather Observatory of the 
Weather Bureau cooperating during July and August, 
1913, made observations in southern California: (a) Of 
solar radiation at high levels, bymeans ofa photographical 
recording pyrheliometer, carried byfree balloons; (6) of the 
total moisture content of the air above Mount Wilson, 
by means of the (c) of nocturnal radiation, 
by means of the K. Angstrém compensation apparatus; 
(d) of the meteorological elements, air pressure, tem- 
peretam, humidity and movement, at different altitudes 

y means of meteorographs, carried by free balloons at 
Avalon, and by captive balloons at Lone Pine and at the 
summit of Mount Whitney. The pyrheliometric obser- 
vations have already been discussed by C. G. Abbot in 
Science, March 6, 1914. It is the purpose of this present 
pees to communicate more particularly the meteoro- 
ogical observations. 


(a) THE FREE BALLOON OBSERVATIONS. 


Morning and evening ascensions were made on July 23 
and 24, 1914, and thereafter daily ascensions until 
August 12, 1914—23 ascensions in all. When a pyrhelio- 
meter was taken up, in addition to the meteorograph, 
the ascension for the day was so timed that the highest 
point would be reached about noon. On other days the 
ascensions were made shortly after sunrise or just before 
sunset. Table 1 shows the number of balloons recovered 
their landing points, and other information of general 
interest. 


TABLE 1.—Statistics of sounding balloon flights from Avalon, Cal., 
during July and August, 1913. 


Balloons. 
: Hori- High- | Lowest 
Direc- tem- 
| dis- tion - 

Date. | Hour. 8 Se. Landing point. | tance | trav- | tude | ture 
sional | trav- reach- | record- 
= | force | eled ed. ed. 
Z 

| 
1913 Kg. . | Em °C. 

July 23 | 6:06 a....; 2|...... Beach, 42 | ne 25,160 | —56.0 
241 5:13p....| 2| 0.8 | Armada, Cal......... 122 | ene 20,389 | —55.8 
26 | 5:llp....| 2) 0.8 | San Diego,Cal....... 
27 | 4:57p....| 0.9 | Oceanside, Cal....... 91 je 23,870 | —64.7 
28 | 5:05 p....} 2; Ll 97 | ne 19,485 | —62.6 
29 | 11:10a...' 2 1.2 | Los Angeles, Cal... n 23,066 | —60.4 
30 | 10:54a. | 2! 1.0 Ranch, 140 | nnw. | 32,643 | —53.9 

| | 
31 | 10:37a...; 2 1.6 Los Pasos Hills, Cai.. 122 | nnw. | 22,294); —58.9 
Aug. 1] 10:36a...| 2! 1.4] New Hall, Cal....... 128 n. 23,466 | —58.6 

2| 10:59a...| 2| 1.3| Inglewood, Cal... 72 | n. 21,302} —67.3 - 

3|5:07p...! 2| 0.9| Downey, Cal........ 70 | n. | 17,428 | —67.5 
5 | 5:07p....| 2] 0.8] Fullerton, Cal....... 
7 | 4:52p....| 0.8 | Colton, Cal.......... 120 ne. | 6,442) —25.2 
8 | 5:23p....) 0.9| Baldwin Park,Cal.. 97|nne. | 14100) —43.9 
10 | 4:43 0.9! Pacific Ocean........ 4 nw. 1,976 19.3 


All free balloons were started at Avalon, Santa Cata- 
lina Island, Cal. Because of the possibility of the in- 
strument coming down in the ocean, balloons were sent 
up in pairs and with a float. This float weighed approxi- 
mately 450 grams. Each balloon was filled until it would 
lift decidedly everything to be sent up except the float. 
The balloons were then attached to the system in such a 
way that when either of them burst it would detach itself 
from the system, which then sank to the earth’s surface 


with the remaining balloon. This device by which the 
balloons are connected with the system and which serves 
the purpose of releasing the burst balloon is shown in 
figure 1. It is made of spring brass wire of approxi- 
mately 2.4 mm. diameter. The pressure of the springs 
B and C on the wire A at the points D and E is sufficient 
to prevent the rings from slipping off in case cord F or G 
becomes slack. The weight of the burst balloon or of 
what is left of it slips the ring off easily. Cords F and G 
must be so short that they will not twist above the device. 
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ASLENSIQNAL RATE, mps TEMPERATURE, DEGREES LENTIGRAQE. 


Fig. 3.—Relation between ascensional rates of balloons and air temperatures. 


The balloons used were of thick rubber, similar to those 
used at Huron in the early autumn of 1910 and at Fort 
Omaha in the late winter of 1911 but not so large. They 
were filled with electrolytic hydrogen which had been 
compressed in steel cylinders. 

The highest ascension of the series was made on July 
30. This exceeds the previous highest ascension from 
this continent by more than two kilometers. The record 
obtained in this ascension is shown in figure 2. 

In seven of the ascensions from which records were 
returned the instrument was carried to an altitude of 18 
or more kilometers above sea level. The temperatures 
recorded and the ascensional rates of the balloons have 
been averaged and compared in Table 2 and in figure 3. 
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M. W.R., July, 1914. To face p. 410. 


Fig. 1.—Device for releasing burst balloon. 


Fig. 2.—Record obtained in sounding balloon ascension of July 30, 1913. 
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TaBLe 2.— Temperatures recorded at different altitudes and ascensional rates of balloons for sounding balloon ascensions at Avalon, Cal., July and 


August, 1918. 
July 23 July 24 July 27 July 30 July 31. Aug. 1. Aug. 3. Means. | 
above 
surface. | Rate of Rate of Rate of Rate of Rate of Rate of Rate of Rate of surface. 
ascent ture. ascent ture. ascent. ture. ascent ture. ascent. ture. ascent ture. ascent re. ascent. ture. 

. 02 18.5 .14 14.6 13.3 .58 18.2 21.6 24.2 2.90 30.0 2.10 20.1 1 
_B ee Ors 4.17 12.6 3.33 14.7 3.27 9.6 1.55 20.3 4.17 18.7 2.90 18.3 3.03 21.8 3.20 16.6 2 
Bictbenecenet 4.44 5.5 3.51 8.1 | 3.27 2.5 1.63 18.5 4.27 12.8 3.03 10.9 3.06 14.6 3.32 10.4 3 
ES, RS ee 4. 63 — 1.0 3.58 2.4 3.27; — 4.7 1,81 11.0 4.33 5.8 3.17 3.6 3.09 7.3 3.41 3.5 + 
4.76| — 7.9 3.51 | — 2.8 3.33 | —13.3 2.12 3.8 4.44); —15 3.40| — 1.6 3.09 | — 0.5 3.52 | — 3.4 5 
4.90 | —14.7 3.51 | — 9.3 3.44 | —20.5 2.42 — 3.5 4.76; —11.3 3.51! — 9.5 3.21} — 8.2 3.68 | —11.0 6 
Adekidbenchah 4.90 | —21.6 3.51 | —16.3 3.40 | —29.0 2. 67 — 9.8 5. 21 —20.6 3.62 | —17.5 3.27; —17.0 3.80 | —18.8 7 
Divs 4.90; —29.1 3.33 | —20.8 3.40 | —38.4 2.92 —15.9 5.46 | —28.6 3.79 | —23.5 3.27 | —24.5 3.87 | —25.8 8 
| 4.83 | —34.3 3.21 | —26.3 3.40 | —45.1 3.12 —22.8 5.65 | —34.6 3.92; —30.0 3.12} —31.1 3.89 | —32.0 

4.90 | —38.8 3.12 | —31.7 3.33 | —50.2 3.44 —30.2 5.95 | —42.2 4.12} —36.6 3.14; —36.8 4.00} —38.1 10 
5.56 | —41.4 2.95 | —38.2 3.30 | —53.8 3.70 —37.3 6.41 —47.4 4.12; —43.2 3.33 | —42.7 4.20} —43.4 ll 
§.13 | —43.4 2.95 | —42.4. 3.37 | —57.4 3. 83 —44,2 6.41 | —52.3 4.12; —49.4 3.33 | —49.2 4.16 | —48.3 12 
5.56 | —46.5 3.06 | —45.5 | 3.37 | —57.5 3. 88 —49.1 6.54 | —56.9 4.17 | —652.3 3.37 | —50.1 4.28; —61.1 13 
ches 4.07 | —50.6 3.21 | —46.6 3.44 | —58.7 4,02 —61.3 6.67 | —66.7 4.12; —49.8 3.37 | —54.0 4.13 | —52.5 14 
4.17 | —54.8 3.37 | —49.6 | 3.88 | —61.5 4.33 —49.2 6.67 | —55.4 4.12) —650.5 3.37 | —59.2 4.27| —54.3 15 
Pi hies+-ouses 4. —655. 8 3.55 | —52.2 | 4.57 | —62.2 4.57 —50.3 6.80 | —57.7 3.88 | —54.0 8.33 | —65.3 4.46 8 16 
5.38 | —56.6 3.74) 3.70 | —63.0 4.90 —49.8 6.94 | —58.6 4.22| —56.0 3.51 | —62.3 4.63 | —57.4 17 
6.29 | —66.7 3.33 | —55.6 | 3.47 | —60.8 5.13 —653.0 7.58 | —58.0 4.83 | —658.0 3.51 | —62.0 | 4.88 | —57.7 18 
} 


The mean of the observed temperatures in the seven 
ascensions does not show a minimum of temperature be- 
low the 18-kilometer level. The mean of the ascensional 
rates of the balloons shows, in general, an increase with 
altitude. Above the 18-kilometer level the individual 
ascensions show a decrease in the ascensional rates of the 
balloons soon after the minimum of temperature has been 
passed through. This relation between the air tempera- 
ture and the ascensional rate of the balloons is similar to 
that already found. (See Bull. Mount Weather Observa- 
tory, Washington, 1911, 4: 186.) It indicates that, in 
addition to the known factors entering into the ascen- 
sional rate of any balloon, there is the unknown factor of 
the difference in temperature between the gas in the 
balloon and the air through which the balloon is passing. 
While the temperature distribution in the free air is in 
general known, it would be impossible to predict, with 
sufficient accuracy for a particular ascension, the point of 
maximum ascensional rate or minor variations in the 
rate. On the other hand, careful observation of the as- 
censional rate of a free, sealed, rubber balloon might indi- 
cate fairly well the peculiarities of the temperature dis- 
tribution at the time of the ascension. In this connec- 
tion the author calls attention to an entirely erroneous 
statement in Bulletin of the Mount Weather Observatory, 
4:186, regarding the adiabatic cooling of hydrogen gas. 
The approximate rate of cooling per. kilometer came in 
some way to be considered the rate to the 15-kilometer 
level. The statement based on this error should not have 
appeared, nor is it needed to account for the observed 

eculiarities in the ascensional rate of free rubber bal- 
oons under consideration. 

The instruments used were the same as those used in 
previous series of soundings. The calibration of the in- 
struments was similar to that for previous series, except 
that the pressure and temperature elements were cali- 
brated in a smaller chamber in which ventilation and tem- 
perature were under somewhat better control and in 
which ar egw down to —60° C. could easily be ob- 
tained. (See Bulletin Mount Weather Observatory, 
Washington, 1911, 4: 187.) 

The data obtained in each ascension are presented in 
Table 4 with interpolations at the 500-meter intervals u 
to 5 kilometers above sea level, and at 1-kilometer interva 
above the 5-kilometer level. In figure 4 a diagram of the 
temperature-altitude relation is shown for each observa- 
tion. Figure 5 shows the mean value of this relation for 
the period. The free air isotherms for the period are 


shown in figure 6. The horizontal prelates of the 
balloon paths, as far as they could be observed, are shown 
in figure 7. Only one theodolite was used, the altitudes 
being computed from the observed air pressures. 

An inversion of temperature, with the maximum tem- 
perature somewhere between the 4- and 2-kilometer levels, 
is shown in each curve of figure 4. This inversion of tem- 
perature is found, whether the observation be made in the 
morning, near noon, or in the late afternoon. It does not 
seem to accompany any particular wind direction. A 
similar inversion of temperature was observed in most of 
oe ascensions made at Indianapolis, Fort Omaha, and 

uron. 

As shown in Sore 5, the altitude at which the mean 
temperature for the period is a minimum is 17 kilometers. 
The minimum temperature observed in any ascension 
may be more than a kilometer above or below the height 
of this mean. In two ascensions, those of the 23d and 
27th of July, the change of temperature with altitude be- 
gins to decrease at about the 8-kilometer level, while in 
the ascensions of August 2 and 3 this change does not 
take place until the 12-kilometer level. The temperature 
change from day to day is best shown in figure 6. The 
lowest temperature observed, —67.5°C., was at about 
the 16.5 kilometer level on August 3. About the same 
temperature had been observed at the 16-kilometer level 
on the day before. 

A comparison of the curve shown in figure 5 with that 
shown in the Bulletin of the Mount Weather Observatory 
4: 302, figure 31, shows the surface temperature indicated 
in figure 5 higher by 6.4°C., the minimum temperature 
lower by 3.5°C., the maximum next above this minimum 
less than 2°C. lower than the corresponding values shown 
in figure 31. The minimum temperature shown in figure 
5 occurs at an altitude higher by 1.5 kilometers than that 
shown in figure 31. The maximum temperature next 
above the minimum temperature is shown at about the 
same altitude in both curves. The curves have the same 
general appearance. That shown in figure 5 represents 
summer conditions at latitude 33° N. That shown in 
figure 31 represents conditions in all seasons, to some ex- 
tent; the late summer and early autumn being better 
on than the other seasons, at about latitute 
40° N. 

The variations of humidity with altitude and from day 
to day are rather closely related to the variations of tem- 

erature. In Table 3 the absolute humidities observed 

ave been assembled and a mean shown. 
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Fia. 4.—Vertical temperature gradients at Avalon, Cal., July 23-August 10, 1913. 
Tas_Le 3.—Absolute humidity (grams per cubic meter) at various levels on different dates, Avalon, Cal., 1913. 
| Altitude (meters). 
34 500 | 1,000 | 1,500 | 2,000 | 2,500 | 3,000 | 3,500 | 4,000 | 4,500 | 5,000. | 6,000. | 7,000. | 8,000. | 9,000. | 10,000. | 11,000. | 12,000. | 13,000. 
| 
i9 | | | | 
12,651 | 10.109 | 9.248 | 6.942} 5.597) 4.495 | 3.354] 2.291 | 1.608 | 1.106) 0.793 0.415 | 0.207) 0.095 | 0.055 | 0.034} 0.024 0.019} 0.013 
| 11.368 | 9.740! 8.908] 7.562] 4.993 | 3.871| 2.976] 2.320] 1.820] 1.441 | 1.162 0.035 | 0.023} 0.016 
| 11.949 | 9.687 | 8.708 | 7.288 5.003 | 2.852 | 1.661/ 1.301) 1.064 0.839) 0.581) 0.289) 0.118 0.040 | 0.017) 0. 0. 006 0.003 | 0.003 
110.813 8 755| 7.980! 5.330| 3.642| 2.985) 2.429] 1.480] 1.015 | 0.698| 0.516 | 0.272] 0.125| 0.051 | 0.023) 0.010] 0.005| 0.003 | 0.003 
9. 933 9.372 | 8.913 | 7.645 | 4.711| 3.056] 1.964] 1.163] 0.674 | 0.384] 0.265 | 0.112} 0.060) 6.919) 0.011 | 0.006 0.002 |........ 
30. | 12.415 | 11.913 | 10.625 | 6.418 | 5 922) 4.108 | 2.351 | -1.381 | 0.993 | 0.780 | 0.687 | 0.330 | 0.219 | 0.103 | 0.048 | 0.020} 0.010 | 0.004 | 0.003 
Ac: 12.952 | 11.261 | 8.40 | 4.717] 2.379) 1.434) 1.444] 1.210) 0.855 | 0.580 | 0.344) 0.193 | 0.118 | 0.062 0.034 | 0.014 | 0.007 | 0.004 | 0.002 
Angi 15.210 | 12.0/7 | 9.369 | 8.072] 6.661 | 5.459 | 4.739) 4.268 | 3.367 | 2.302| 1.662) 0.831) 0.406 | 0.199 | 0.103 | 0.054 | 0.026 | 0.013 | 0.009 
2 | 15.817 | 13.928 | 7.750! 5.828] 5.657/ 5.255/| 3.986 | 2.781] 1.840 1.243] 0.922) 0.476} 0.235 | 0.105} 0.055 | 0.021) 0.008 | 0.003 0. 003 
2 15.199 32.014 | 4.205 | 2.925 | 2.850 | 2.541 | 2.109) 1.560 1.178 | 0.898 |........ 
| 14.4°2 | 13.679 | 6.274 2.631 | 1.521) 1.256 | 1.353 | 1.300] 1.065) 1.299} 1.362 
12.838 | 11.342 | 11.336! 9.476) 7.983 | 6.572| 5.055] 3.961] 3.278| 2.806 | 2.368 1.623] 1.180 | 0.655) 0.346 | 0.215 | 0.124] 0.077 0.055 
Means...... | 12.090 | 11.086 | 8.193 | 5.995 | 4.565 | 3.657) 2.785 | 2.085 | 1.563 1.198 | 0.969 | 0.497 | 0.296 | 0.148 | 0.077 | 0.043 | 0.025 | 0.017 | 0.012 
} Altitude (meters). 
Date. | | | 
| 14,000 | 15,000 | 16,000 | ned 18,000 | 19,000 | 20,000 | 21,000 | 22,000 | 23,000 | 24,000 | 25,000 | 26,000 | 27,000 | 28,000 | 29,000 | 30,000 | 31,000 | 32,000 
| 
| 0.003 | 0.002) 0.001 | 6.001 | 0.002] 0.003 | 0.003 | 0.003 | 0.004 | 0.005 | 0 007 | 
9.002 |. 0.903 | 0.002 | 0.002} 0.002; 0.002/| 0.001 | 0.002} 0.002} 0.002| 0.002 | 0.003 | 0.004 | 0.004 | 0.005 | 0.005 | 0.005 | 0.006 | 0.006 
| 0.002 | 0.002 | 0.001 | 0.002] 0.002 | 0.003 | 0.004) 0.005 |........|........ 
MBO 9.012 | 0.011 0.007 | 0. 005 | 0.004; 0.004 0.006 0.006 | 0.007] 0.008 |........ 
Means...... 0.009 | 0.005 | 0. 003 | 0. 002 0.003 | 6.003 | 0.004 | 0.004 | 0.005] 0.006 0.008 | 0.010 | 0.004} 0.004 | 0. 005 | 0. 005 | 0.005 | 0.006 | 0.006 


The distribution of pressure at the earth’s surface 
changes but little iu type, and that never abruptly, dur- 
ing the period of observation nor does the pressure itself 
vary much from day to day. Figures 7 and 8 show the 
pressure distribution in a general way for the whole 


period. The positions of the centers of high and low 
pressure at 8 a. m. or 8 p. m., seventy-fifth meridian time, 
are shown by the circles, in which dates are also indicated. 
In the case of high pressure, these circles are connected 
by solid lines; in the case of low pressure, by dashed lines. 
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In three of the ascensions July 24 and 27 and August 
3, the balloons were followed with the theodolite beyond 
the altitude at which the minimum temperature was 
recorded (see fig. 9). In another, August 2, the air 
movement could be observed up to 17 kilometers. On Jul 
24 and 27 the winds were westerly, with a small sout 
component up to the height at which the mmimum 
temperature was found. Above this height the wind was 
easterly. On August 2 and 3 the winds wore southerly, 
with a small west component up to the point of minimum 
temperature. Here again the winds became easterly. 
On July 24 the wind velocity increased as the easterly 
component made its appearance; on July 27 there was 
little change; on August 2 and 3 there was a decided 
decrease in velocity as the wind became easterly. 


TaBLE 4.—Results of sounding balloon ascensions, Avaloi, Cal. 
JULY 23, 1913. 


Tem-| 4 | Humidity. Wind. 


pera- Remarks. 
tude. | sure. 100m.) Re. | Abs. | Direction. | Vel. 


‘| 10/10 8. NNW. 


Eg 


In base of clouds, 
Inversion. 


g 


BEES 


Inversion. 


Inversion. 


4,000)...... 


9 02.3 | 3,794) 483.6 


Bee 
| A 
| 
| | 
| 
‘ | 
| 
4 file, 
hme. | 
6 06.0 34] 759.5 19. 31......| 7 
1.489 
6 24.5) 4,719] 430.1)-- 6.1) 0.7 
6 24.8] 4,818| 424.7|-- 6.6) 0. 
6 31.7] 6,793} 327.9|-20.0} 0.7 
6 36.4] 8,184] 271.4|-30.5] 0.8 RES, 
6 42.9] 10, 289 200.9|—-39.9, 0.4 
6 50.4} 12,584] 143.9|—44.6 0. 
00.4} 15,092] 98.6,—55.2) 0. 
7 08.3) 17,379} 69.2|-56.9) 0.1 
7 15.1) 19,983} 46.1|—-56.1, 0.0 
9 7 26.8} 25,160, —0.1 
734.0) 23,045) 30.1/—41.1) —0.1 
18,411] 0.5, 17 
7 54.2) 17,85 65.3, —50. 0} 18] 
8° 14) 285) 112.3\—49.8} 0.4) 20, 0.008 
8 31.8) 9,855] —0.5 0.042)... 
8 33.7) 9,536 224. 9\—37.7 
8 37.9] 8,667| 254.2—-31.0| 0.8 
8 44.3] 7,456] 300.3,—21.6) 0.5) 27) 
8 50.0] 6,384! 346.9.—-16.4 0.6) 29) 
8 56.9| 5,038) 413.0\— 7.7} 0.7} 32] 
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Fie. 7.—Pressure distribution in the western United States, July 22-28, 1913. 
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Jury, 1914. 


53.3) 19. 


GH SASSAAS SHS 
352253 
AB iS :SS ARIS: ss 


| Humidity 
A.M. — 
h P. Mp. 
| 3031 6 1} 22 6.003) 8. 66° W.. 2/108. Cu. WSW. 4 
5 15.0; 290 | 17.7) 0. 15, 8. 26° W..| 5.9} Few S. Cu. SW. 6 0.003) N.74° W..| 7.4 
5 18.1) | 13. 0. 7; N.83° W..| 3.1) Inversion. es 
| 62,9. 31°W..| 6. . 53°...) 5. 
5 21.3 | 16.0.9 30° W..| 6.4 19, 31) 0.8. 
11... 71| 25° W..| 10.0 6 35.4) —0.1 S. 25° E...) 
5 29.0 34.9, 0.6 22° W..| 11.9 8. 36°...) 2 
32 20) 49° W..| 13.6 6 44.3 79) 29.7|—55.1) 1. 0. Inversion. 
8 29.8 — 0.6) 14.7 6 45.4) 31.3|—51.5| —0.4 | S. 70° E...) 8. 
30/62) 44° 21.2 6 49.0) 40. —0. | OME N. 80° 13.6 
58° W..| 18, 6 51.1) 1 48.0\—59.6) 0.0 
1 25.3 6 57.9 1 67. —0. 4 S. 5. 
6 08.9 11 —33. 4) W..| 23.5 7119) 13,498) 117-5620" 21, 0. 001, 8. 79° wi 8.6 
6 15.1) 11 0.4 24) 19.2) 21) 0.002) 8. 60° W..| 8. 
23) 73° 18.7 7 15-1] 12,734) 0.0) 21) 0.002, 8. 50° W..) 8.2 
6 12 0.6 16] 484° W..| 16.4 7 17.0) 12,323 141.4—60.4) 0.0 21) 0.002 S. 62° 10. joons 
6 20.0) 12 4 0.0 16) W..| 22.2 | peared. 
6 13S 0. 14| W..| 16.1) —60.2; 0.4) 21] 
6 24.0 13 24 0. 14) W..| 18.2 58.5, 0.6 21) 0.0039 
6 28.7 14 —47.9| 0. 12) 47° W..| 18.8 753-6) 0.82) 
as°w..) 1 |—38 0.6 24) 0.0339 ee 
6 36.6) 16 82. 3; —52, 0. ( 1 1 
6 38.7) 16 78.3\—55.1| 0. 0.1, 25] 
6 42.4 17 55.8) 0. 22° 0.7 
8, 74° E... 0.5 31) 0.143 
6 45.2) 18, 207| 63.1/—55.1) —0. ( N. 60° E... . 
6 48.0) 18, . 2; 54.8) —0. 8. 85° E...| 1 | —2 
-.|—53.2)..... 8. 75° E...| 1 20 46) 
6 .8|—51. 4] —0. 8. 63° E... 45) 
8 04.3 0.4) 2.02199 
7 33° W..| 3.0 
3 1 1.0 68° 1.5 
2 1¢ 0.6 : 
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TABLE 4.—Results of sounding balloon ascensions, Avalon, Cal.— 


Continued. 


JULY 30, 1913. 


Continued. 
JULY 28, 1913—Continued. 
| 
| Humidity. | | 
Tem- Tem- 
Aiti- | Pres- | 4t Alti- at 
tude. | sure 100m. Remarks. Time. | tude. | m. 
Rel. | Abs. 
| 
P. et.| g./m’. h. M 
15| 0,023 10 54.0/ 34 760.0) 23.0/...... 
14) 0.014) 10 57.0) 362 | 0.6 
14) 0.008 ii 695) 
14) 0.005 11 03.0) 884 0.7 
14) 0.002 11 06.0 1,184 
14 oo Inversion. 1l 07.3, 1,338 —0.3 
0. 003 Clock stopped at 41 12.3) 1,766 —0.2 
|| intervals. Time 13.9) 1,927 0.4 
Clock stopped, but | 0.4 
started again at 0.4 
highest altitude. —0.4 
0.3 
Inversion. 
0.8 
0.7 
0.9 
JULY 29, 1913. 
oa | | | 11 49.3) 5,749 =i! 06 
11 10.0 34) 760.5) 18.6)...... WISE. On. NW. | 6, 
li 11.3) 418) 726.8 15.2) 0. 73 6, 273 6.1 
500|......| 14.5]...... 76 1 -5) 6,672 
13.3) 1,012) 677.0) 10.4) Balloon disap- 11 58.5 7,093 0.2 
_ in Cu. P.M. | 
version. 12 01.0 7,475 .6 
76 12 09.0, 8,915 0.7 
11 16.5) 1,684) 624.4) 12.7) —0. | 
11 18.4) 2,182) 588.3} 31.9) 0.2) 37 12 16.0 10,322) 210. 0.7 
1L@......| 12 17.0 10,521) 204.6 ~9.1 
3,000) .....- 9.3)......| 22) 1 11.000 
ii 22.9] 3,344) 511.4) 7.4, 0.5, 18 i2 22.9 11,724 "0.9 
| 3,500]...... 16 e 12’ 000 
11 25.7) 4,041) 469.4; 0.8} 
| 2.9]......| 10 
11 28.6) 4,832) 424.8\— 6.2) 1.0 9 Inversion. 
11 29.9! 5,120) 409.5|— 6.1) —0.3 9 
11 33.3) 5,953) 367.6/-13.4) 0.9 7 
| 7 
11 35.0) 6,272) 352.7;-14.2) 0.3 8 
11 36.1, 6,629) 336.2\-18.9 1.3) 
11 37.4) 6,908) 324.5|-19.7, 0.3! 
7 
11 39.2) 7,437) 301.7|-23.7, 0.8 5 
11 41.0, 7,882) 283.7|-27.8 0.9] 5 
11 43.2) 8,570) 257. 7|—33. 6.8 6 
9 000|......|—36.4.....- 6 
11 45.0 9,029] 241.7\-36.7 0.8 
45.7) 9,268) 233.6/-38.2) 0.6 7 
11 46.8 9,467) 226.9|-39.1/ 0.5 7 
11 47.9 9,707, 218.9|—42.5, 1. 7 Inversion. 
11 48.1) 9,928) 212.2)—42.1 7 
11 49.4 10,248) 202.81—47.2 1.6 6 Inversion. One 
63: 0.8, balloon burstand = 
3, «(0.4 was detached;re- 
2.1 maining balloon 
had sufficient lift- 
ing force to con- 
timueascent. 
Balloon burst. = 
60. 
59. 
58. 
—57.3)...... 
50. 


@ Estimated by ee eee from the ascent. 
started running, but times of this and succeeding levels 


> Balloon burst; c 
unknown. 


16, 160 


16, 


Humidity. | Wind. 


Rel. | Abs. | Direction. 


P. q./m’.| 
61\12.415| NE....... 


0.006 


Remarks. 


| Few Cu. 


Inversion. 


Inversion. 


Balloon disapp’d. 
Few Cu, 


| Inversion. 


Inversion. 


Inversion. 


Inversion. 


Inversion. 


| Inversion. 


«Clock stopped at intervals; times of this and subsequent levels unknown. 


j Vel. | 
M.ps.| 
67)12. 155 
74/11.463 S. 50° W.. 
80/11.402 S. 56° W-.. 
| 69/10.625 S. 1° W.. 
9.190 S. 86° W.. 
7.008 S. 42° E.. 
36| 6.418 S. 38° E.. 
29| 5.353| S. 32° E.. 
26) 4.636, S. 42° E.. 
34] 5.922 8. 38° E.. 
38) 6.581| S. 35° E.. 
| 7.525 S. 33° E.. 
30| 5.256 S. 32° E.. 
24) 4.132 33° E.. 
24| 4.108 S. 33° E.. 
15] 2.351) 8. 25° E.. 
14| 2.169 §. 24° E.. 
11] 1.494, 14° E.. 
11) 1.381 8, 14° E.. 
| 10} 0.993) 16° E.. 
10| 0.945 S. 16° E-. 
0.687). 
| 
_ 
i 
| 
| 
iy 
6) 
| 
3| 
| 
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TABLE 4.— Results of sownding balloon ascensions, Avalon, Cal.— 


Continued. 


AUGUST 1, 1913—Continued. 


Humidity. Wind. Humidity. Wind. 
Alti- | Pres- Alti- | Pres- 
Time. | tude. | sure. | m. Remarks. Time. | tude. | sure. Remarks. 
: Rel. | Abs. | Direction.| Vel. Rel. | Abs. | Direction. 
A. M. A.M 
h. m. | Mm.| °C. Pct. |g./m'. M.p.s. h. m.| M. | Mm.| °C. P.ct. 
10 37.5 34) 762.0) 22.9'......|  64)12.952).. 11,000}...... —43.2]...... 1| 0.026 
10 39.3) 388 731.3) 18.0, 74/11. 261 11 34.5) 11,966) 161.7/—49.5] 0.6 0.013 
10 40.2} 622) 711.5) 18.1) 0.0} Inversion. 11 36.0) 12,366) 152.5|—49.8) 0.1 0.012 
10 41.0) 696.9) 20.5 —1.4) 63/11. 102] S. 69° E..) 1.5 0.6 0. 009} . 
10 41.8) 995, 681.2} 21.7, —0.6| 46) 8.6901 8. 57°E..| 5.6 0. 009) . 
1,000)......} 21.6'......| 8.640] S. 57°E..| 5.6 0.009} . -| Inversion. 
10 43.2} 1,403) 649.7) 21.7; 28] 5.28018. 58° E..| 6.5 0.012}. . 
,500]......] 21.0]......| 26] 4.717] 8. 52°E..| 6.2 0.012}... 
10 45.6} 1,898] 613.4) 19.2} 0.5) 2.613] S. 29° E..| 5.1 0.012}. 
2,000]......] 18.7]......| 15] 2.379] 8. 24° E..| 5.8 0.011). 
10 47.3} 2,354] 581.4) 17.0) 0.5] 10) 1.43418. 8°E..| 8.5 0.007}. 
2,500|......| 17.0)......] 10) 1.434] S. 20°E..| 10.8 0.005). . Inversion. 
10 48.3) 2,542) 568.6] 17.0| 0.0) 10) 1.434] S. 23° E..| 11.5 0. 006}... 
3,000]......| 12.8}......| 13] 1.444] 8. 25°E..| 9.4 0.005}... 
10 50.2} 3,109] 531.7) 12.0} 13) 1.375] 8. 25°E..| 8.9 0.004}. 
3,500]......| 8.8]......] 14] 1.210] 8. 22°E..| 8.0 0.004). 
10 52.0} 3,588! 501.7} 0.8) 14) 1.158] S. 21°...) 7.7 0. 003 Inversion. 
4,000]......| 5.8]......| 12} 0.855] 8. 27°E..| 11.2 0.004 
10 54.5] 4,418] 456.2} 3.7} 0.5) 10) 0.620 S. 33° E..| 15.0 
10) 0.580) S. 33° E..| 14.6 
5,000]......|— 1.5]...... 8| 0.344] S. 34° E..| 12.8 0. 
10 57.3) 5,041 419.5.— 1.8) 0.9 8| 0.336] S. 34° E..) 12.7 é 0. 006 
11 00.2} 5,795] 381.0\— 9.3) 1.0 9| 0.205] S. 36°E..; 13.7 0. 006} 
0.193] 8. 35° E..| 14.6 0. 007 
11 03.0| 6,557) 345.2|-16.7, 1.0} 0.145] 32° E..| 16.9 0. 006) . 
7,000|......|—20.6]......] 14] 0.118] S. 26°E..| 16.2 . 0. 006 
11 06.0) 7,430) 307.0\—24.4) 0.9) 0.094] S. 20°E..| 15.7 000 0. 007 
0 062} S. 10°E.., 14.4 23, 000 0.008 
11 09.0) 8,384) 269.1/-31.3) 0.7) 16) 0.048] S. 4° E..| 13.6) Balloons  disap- 12 11.3) 23,466 27.7\-53.1) 0.2 0. 008} . 
peared in Cirrus ........ ,000)...... —51.5}...... 0. 009) . 
clouds. 12 12.6) 22,792, 30.8|—50.7) —0.1 0. 010) 
16) 0.084 12 15.6] 21,226 —0.2 0. 
11 13.8) 10,188) 208.4\—43.6| 0.8) 15) 0.012 20,000... ... |—55.0)..:... 8| 0. 
14) 0.007 12° “17.7, 19,666, 49.8—55.7, 0.4, 281 0. Inversion. 
11 18.2) 11,725) 166.0—51.1) 0.5) 14) 0.005 12 18.7| 19,273) 52.9—54.0| —0.1 0. 
14] 0.004 12 19.3] 19,133, —0.4| 28) 0. 
13] 0.002 10,000)......|—55. 7]-..... 8} 0. 
11 21.2) 13,165) 132.9—57.6| 0.5 0.002 12 21.2) 18,592 58.8—57.3} 0.4) 28) 0. Inversion. 
11 22.6, 13,533! 0.2) 0.002 0. 
14,000). ..... |\—56.7)...... 12) 0.002 12 23.0) 17,483! 69.8 —52.4) —0.5 0. 
11 23 9) 14,154) 114.2\—56.1) —0.4) 12) 6.002 12 25.3] 17,054) 74.6,—54.8| 0.3 0. Inversion. 
11 25 4| 14,646) 106.0\—64.5| 14) 7,000|...... bee 0. 
14) 0.008 12 25.7| 16,773, 77.7\—-54.0| —0.2 0. 
16, 000)......|—57.7)...... 12) 0.002 12 26.5] 16,414) 82.0—54.8) 0.2 0. Inversion. 
11 30.1) 16,600) 78.1/—58.8} 0.2; 12) 0.001 Inversion. 5,000,.....- 0. 
11 31.3) 16,933) 74.4|—58.4) —0.1 12) 0.002 12 32.4| 14,227) 114 8 —49.5) —0. 2) 0. 
11 31.8) 17,134) 0.2) 12) 0.001) Inversion. 12 34.5) 18,254) 132.9/—-51.5) 0.1 0. Inversion. 
11 34.8) 18,607, 57.1)—57.6| —0.1 12) 0.002, 12 37.6] 12,441) 150.0\—50.7| 
11 36.4) 19,580) 49.1/—54.6) —0.3) 13) 11, 000!...... —44.9)...... 
13, 0. 003 12 42.0) 10,857) 190.0/\—44.4, 0.1 
11 40.3) 21,352) 37.4;—51.2) —0.2, 13) 0.004 12 47.5) 9,303) 237.2,\-32.7| 0.8| 
13) 0.005 12 51.7} 8,188) 276.8|\—24.3! 0.5 
| | 12 55.9) 7,058 322.6\—-19.2 0.9 
1 00.4) 5,719 384.0— 7.7) 0.7 
1 02.8) 6,115) 
A.M. | | | 1000 = 
10 36.0 34) 761.0 23.9 210 4no Cl. 8. | 
10 36.8) 179 748.4) 20.0) 2. nversion. 
10 38.0| 365 732.4) 22.4) -1.3 AUGUST 2, 1913. 
500|......| 28.2)......| 
10 40.0, 707 704.1 24.4 4610. 137 8. 0.5 
10 40.9) 859 691.8 24.7) — 44) 9. .@°E..| 2. 
1,000....../ 24.2)......| 43) 9.369] S. 39°E..) 6.6 
10 41.9) 1,015 679.6) 24.2} 0.3] 42) 9.151| 8S. 38°E..) 7.3 
1,500'......| 22.0]......{ 8.07218. 42°E..) 8.1 
10 44.9) 1,534 640.0 21.8) 0.5 42 7.980| 8. 42°E..| 8.2 
2,500|......| 14.6]......| 5.45018. 44° EB.) 5.7 
10 51.1) 2,555] 567.8) 14.0) 0.8} 44 5.2638, 44°E..) 5.5 
3,000]......| 10.9]......] 48 4.739) S. 36° E..| 6.1 
3,500|......|  7.4)......] 54) 4.268) 8. 28° E..) 6.7 
4,000]......| 3.6] .....] 59) 3.367} S. 19° E..| 7.4 
10 58.8) 4,238] 468.7; 2.2} 61 3.424) 8S. 15° E..) 7.7 
11 00.7} 4,432] 451.7) 1.9} 0.2) 44) 2.420 8. 8.3 
4,500|......| 1.5]......[ 43 2.302, 8. 3° E.. a 
5,000|......|— 1.6]......] 1.662] 8..........) 10. 
11 05.5] 5,381) 400.9\— 4.0] 36, 1.266} S. 3° W..| 11.6 35 5. 683 8. 12° E... 4.6 
6,000).....-|— 9.5]......| 0.8311 8. 7° E..| 10.1 36) 5.255) 8. 9° E... 
11 09.8) 6,233] 359.7/—-11.6) 0.8) 37) 0.694] 8.12° E..| 9.5) Inversion. 37| 3.986, S. 1° E...) 7. 
11 10.4] 6,296) 356.7|\—10.8) —1.3| 38, 0.765) S. 8° W..| 15.6 37| 3.961) S. 1° E...| 7.3, Inversion. 
11 11.2) 6,426| 350.6\—-13.7| 2.2) 37 0.576) S.12°W..| 14.8 37| 4.060, S. 7° E...| 18.8 
11 12.8] 6,880] 330.7|—16.8} 0.7, 37, 0.443] S. 6° 16.0 33) 3.197) S. 21° FE...) 7.2) 
7,000|......|—17.5)......| 36, 0.406] S. 1° E..) 12.5 30) 2.781) 8. 10° E...) 7.4 
11 14.9}: 7,218] 315.8|—18.2} 0.4) 35) 0.371/ 8S. 13° E..| 6.6 28} 2.483, 8. 1° KE...) 7.5 
31/0199] 8. 6° E..) 8.3 25) 1.840 8. 6° EF...) 9.2 
11 19.2) 8,138] 279.1|-24.3] 0.7} 30, 0.178} 8S. 5° E..} 8.6 22) 1.294) 8. 13° BE...) 11.4 
0.103} 8. 2° E..) 11.3 22) 1.243) 8. 12° FE...) 11.2 
11 29.3} 10,703] 194.6|—41.4 1 0. .-| 16.5} Balloon 0 
| peared in Ci. 17| 0.476) S.......... 9.01 
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TaBLe 4.—Results of sounding balloon ascensions, Avalon, Cal.— TABLE 4.—Resulis of sounding balloon ascensions, Avalon, Cal.— 
Continued. Continued. 
AUGUST 2, 1913—Continued. AUGUST 3, 1913—Continued. 
| 
Tem Humidity. Wind. Humidity. | Wind. 
Time. | Alti- | Pres- Alti- | Pres- & 
* | tude. | sure. | Pore, 100m. wot Time. | tude. | sure. Pere, (100m. Remarks. 
a Rel. | Abs. | Direction. | Vel. . Rel. | Abs. he Direction. | Vel. 
A. M. P. M. | 
h. m.| M. | °C. P. ct.| Mpa. h. m Mm.| °C. P. ct. M.p.s. 
li 42.5) 6,789) 336.8\-12.7 0. 14,000)... 8. 22° 18.4 
7,000). 4)... 16| 0.2351 8. 5° W..| 9.6 6 24.0) 14,729) S. 29° W..| 20.3 
15] 0.105) 8. 2° 11.5 6 29.0) 15,794) 90.8—65.7, 0.8)......|...... |S. 4° W..| 12.2) Inversion. 
14) 0.055] 8. 21° 11.0 6 30.1) 15,975, 88.2\—65.3) |$.27°E...| 9.4 
10, 13) 0.021) S. 26° W..| 10.8 6 33.0] 16,611) 79.4/—67.5| 0.3)......|...... |S. 2° W..| 9.2) Inversion. 
10,591] 199. 0.012, S. 28° 10.7 6 34.0] 16,714 78.1|—-66.9' —0.6)......|...... | 8. 34°E...| 5.3 
6 35.7| 16,895, 76.0|—62.4| 8. 48°E...| 9.1 
11,000)... 13) 0.008 S. 29° W..| 11.0 6 38.4) 17,428 60.4—61.8 |S. 31°KE...| 11.4 
12,031) 161. 4 0.8 12) 0.003, S. 30° W... 6 40.0] 16,492, 79.9|— N.32°E...| 25.8 
13,168) 135.4\—55.3 0.8) 13) 0.003) S. 20° 23.3) Inversion. 6 41.7] 15,838 88.6\—65.4) | 8. 45°E...| 7.8 
13,449) 130.0|-54.0) —0.5| 13) 0.003, S. 8° W..| 19.3 6 44.1) 15,208] 97.8-65.4) 0.6)......|...... |S. 10° W..| 20.3) Inversion. 
13,815) 0.3) 13) 0.003) 8. 8° W- Inversion. 15,000)...... 8. 11° W..| 19.6 
14, 284) 114. 13, 0.004 S. 8° W..| 20.8 6 50.0) 13.118) 135.3-59.4 0.2)... |S. 18° W..| 
12 16.1) 14,541) 110.1)—-54.1) 0.5) 12, 0.003) S.31° W..| 18.3 id | 
12 17.3 14, 799 13 0.005 s. 50° 14.7 6 54.3) 11, = 166.0 — —49.9 
7000) - 0.008 balloon had suffi- 7 00.3 10,0821 
peared. FewCu. 10.0) 7,080) 321. 0-16.2 0.6)...... 
12 56.4 21,308 35.5|-40.0 —0.5) 10 O.012 ,000)...... 
1 00:0 15, 89.0|—67.3) 0.5 Inversion. 3, 10.6 
1 13,908 120.5|~58.0) 0.0, 13, 0.002 
1 0.3 ul, 7806) 13 0.002 
@ Clock stopped. Altitude computed from ascensional rate. 
AUGUST 3, 1913. 
} | 
5 07.0| 34) 756.9 26.3)... Few Cu. over | | 
on 4 52.0) 34) 756.4) 21.4)...... 7814. 482) E......... Few A. Cu., few 8. 
4 55.7) 739.0) 17.1) 2.2 8311.972| N.51° W..| 1.5) Inversion. 
5 07.7) 238) 739.8, 24.1) 1 | 
4 58.9| 665) 703.0} 26.0) —1.3  49111.813| N.69° W..| 3.5 
5 09. 2.2) 5 00.7] 694.5] 28.8! 8.441| N.80°W..| 6.8 
5 10.3 754) 697.5) 30.3) 0.2 25, 7. 632) N. 2.7, 1,000'..... 9 21! 6. N.87° W.. 7.1 
5 03.0} 1,036 674.2} 30.0) 6.007| N.88°W..| 7.2 
1,000)...  30.0)...... | 14) 4.205 N. 5 06.4] 1,350 650.7} 30.0, 0.0 13! 3.905) N.82°W..| 7.7) 
5 13.0) 1,079) 672.3) 29.5) 0.5 11) 3.216) N. 5.4) 5 07.8] 1,440, 644.1) 28.8) 1.3 10) 2.814/N.65°W..| 4.5 
5 14.0) 1,284) 656.9 28.1) 0.7, 11) 2.979) S. 1, 500)...... 29. 5)...... 2.631] N.69° W..| 6.4) Inversion. 
| 5 09.4] 1,534| 637.4] 29.81 2.674) N.72°W..| 7.3 
2,000)...... fo 5 12.7] 1,741 622.6] 27.0) 1.4 6, 1.529|N.43°W..| 5.1 
2,000|...... 26.9|......| 6| 1.521 N.46°W..] 6.5 
5 17.0] 2,116) 596.5] 26.8} 0.1 6) 1.512|N.48° W..| 7.1 
8° 5 23.0] 2,551) 567.5} 22.8) 0.9 6 1.207/N.14°E...| 4.2 
5 26.0) 2,796) 551.5] 20.5] 0.9 1.934/N. 8°W..| 3.1 
| 3,000 ....-. 9| 1.353} N. 7°E...| 3.5 
1.178 S. 9° E..| 5.2 
5 35.6 3,459| 510.1] 11.8] 1.3, 12 1.253|N.40°E.... 4.5 
14) 0.916 8. 39° W..| 1.8) 11.1 13) 1.300 N.40° E 4.6| 5/10 A. Cu.; 
5 46.01 4,087) 472.3|— 0.7} 2.0 22) 1.007| N.33° E 6.7] At the base of A. 
S.79°W..| 4.8) | | Ga, 5:57 
S. 48° W 4.6) | pons disap 
8. 44° W..| 4.2) 
5 58.0] 4,708, 436.5|—-10.2| 1.6 
6 02.0) 4,851| 428.8\-12.7| 1.7 
Basing 6 04.3) 4,987| 421.0\-12.9| 0.1) Inversion. 
6 05.7| 5,167) 411.7/—11.7| —0.7, 
s 6 14.0} 5,575| 390.3.-14.8) 0.8) 
6 20.0) 5,881| 374.8\—19.1| 1.4) 
6 24.0) 5,967) 370.4\-19.7| 0.7 
6 36.1) 6,405) 349. 1-24. 4] 0. 8) 
3 few] 6 41.0) 6,442) 347.5 25.2) 0.5 
8. 7° W..| 21.3 
6 18.1 13,315 132.8'-51.3 8. 16° 16.7) 


& 
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TABLE 4.—Results of sownding balloon ascensions, Avalon, Cal.— 
Concluded. 


AUGUST 8, 1913. 


pone Tem-| Humidity. Wind. 
res- 
Time. tude. | sure. 100m. Remarks 
Rel. | Abs. | Direction. | Vel. 
| 
P.M 
h. m.| M. Mm.| °C. P. ct.) g./m’. M.p.s. 
5 23.5 755.6] 20.0)...... 838 s. 32° w..| 4/108. Cu. SSE. 
5 25.1) 367, 726.6} 17.2} 0.8}  8011.608|S. 32°W..| 4.3 
Rel 500|......| 16.4/......}  82/11.342) 8. 62° W..| 3.3 
5 26.7| 786) 691.5) 14.4) 0.7] 8810.785|N.55°W..| 0.9 
1,000)......| 19.8|......| 6°E...| 1.9 
5 28.4] 1,122] 664.7} 21.8) — 110.640) N. 
5 29.1) 1,244 655.4) 24.5) —2.2) 49110. 859] 8. 69° E...| 0.2 
15539, 633.6] 0.6 9.151] N.73° W..| 1.8) Inversion. 
30.7 1,71 621.3 24.3 ~0.1 8. 084 N. 45° W.. 5.3 
532.3) 2)080) 595.4 22.6) 6.5 39 7.758 N. 15° W.. 6.2 
| 19.3)......| 40) 6.572] N. 
34.3) 2/619, 559.2) 18.4) 0.8 40 6.233] N.28° 2.8 
4.5|.....-| 41] 5.055) N. 
5 36.9 3,316) 514.7 1.0 41 4.176 N. 13° W.. 5.2 
000 46, 3.278) N. 2°W..| 3.2 
“5 40.5) 4,198 462.6 4.2 0.8 8. 079 N. 1:8... 2.7 
5 484 4.981 419.9 - 0.9) 0.7 53 2.387 N. 458 W.. 3.4 
000!....-. | 2.368) N. 
46.8 5,982 369.6\— 6.5, 0.6) 57) 1.634| 8. 50° W..| 3.0 
47.1 5,997 368, 4|— 6.9 2.7 59 1.637 8. 53° W.. 5.8 
| 6,000)...... | 1.623) S. 53° W.. 
48.0 6,299 354.5,—8.7/ 58) 1.390, S. 75° W..| Inversion. 
5 49.2) 6,615)...... 8.4 —0.1), 54) 1.326] 8. 45° W..| Pressure pen not 
5 50.0 6,840....... —0.1! 52, 1.308} S. 22° W..| 14.6! recording. Alti- 
— 8.9)...... 50 1,180 8S. 11° 12.0 tude computed 
-- §0.8| 7,050|...... 9.1) 0.5) 49) 1.137) S. 7° 10.7| from ascensional 
5 53.2 7,750)...... ~13.0 46: 0.763 8. 14° W..| 11.5] rate. 
|—14, 5|...... 45! 0.655| 16° W..| 12.8 
-- 54.8] 8,215)...... —15.9, 0.6) 45'0.582| S. 18° W..| 14.0| 6/10 S. Cu. SSE. 
5 56.2) 8,650...... 19.5} 0.8} 45) Balloons disap- 
5 56.8) 8,850)......| 0.6) 48) eared in St. Cu. 
-; 57.7| 9,080)...... 44) ascension were 
5 59.8) 9,700...... —24.3, 0.4! 256 made through 
’000...... | this film of St. 
02.2) 10,415]...... 0.6 Cu. which at 
-- 05.8) 11,575)...... —35.0) 0.6 26.5 p. m. 
-- 07.5) 12,080)...... |—36.0} 0.2) 
6 09.4) 12,700,...... 0.2 
000)...... 
-- 11,2) 18, 250/......| —39.8} 0.5 
,000)......| —43, 4|...... | 
-- 13.8 14,100...... \—43.9 0.5 i 
AUGUST 10, 1913. 
A.M. 
4 43.0 34] 765.9 23.4]...... 2.8| Cloudless. 
4 45.7 435) 722.6 0.5 Inversion. 
§00|......| 21.9]...... 
4 48.2} 832) 690.3 24.7| —0.9 4.0 
4 49.2) 1,036] 674.3 24.5) 0.1 3.4 
4 52.4] 1,549] 635.7, 23.2) 0.3 2.1 
2.2; =the other balloon 
> 00.9) 1,385 647.8 21.5) 0.7 2.2) with the mete- 
5 03.0) 1,253) 657.7) 22.4) 0.8 2.1} orograph slowly 
5 09.0) '785| 694.2) 26.2) — 
§ IL0 702 700.8 24.1) 0.2 3.9} Inversion. Balloon 
5 13.1 600 709. 0 24.3 -0.5 disappeared be- 
516.6] 360 728.9 93.0) —1.8 tains. 
5 18.3] 263, 737.1) 21.3)...... Inversion. 
| | 


(b) THE CAPTIVE BALLOON AND MOUNTAIN OBSERVATIONS 
ON AND NEAR MOUNT WHITNEY. 


By W. R. Greece. 


Meteorological observations, including some captive 
balloon ascensions, were made at Mount Whitney, Cal., 
from August 1 to 13, inclusive, and at Lone Pine, Cal., 
from August 1 to 4, inclusive. Mount Whitney is the 
highest peak of the Sierra Nevadas, its altitude being 
4,420 meters. It lies in latitude 36° 35’ N. and longitude 
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118° 17’ W. On the north, south, and west it is sur- 
rounded by mountains, many of which are nearly as high 
as itself; its eastern slope is quite precipitous and at its 
foot lies Owens Valley, which is about 25 kilometers in 
width and extends in a north-northwest and south- 
southeast direction. East of this valley and runni 

parallel to the Sierras is the Inyo Range, altitude about 
3,000 meters. Lone Pine is situated about midway 
between these two ranges, near the northern end of 
Owens Lake. Its altitude is 1,137 meters and it lies in 
latitude 36° 35’ N. and longitude 118°.3’ W., about 25 
kilometers due east from Mount Whitney. Topograph- 
ically the location of Lone Pine is similar to that of Inde- 
pendence, Cal., which is about 25 kilometers north- 
northwest of it and therefore practically the same dis- 
tance from Mount Whitney. Independence is in latitude 
36° 48’ N., longitude 118° 12’ W., and has an altitude of 
1,191 meters, or 54 meters higher than that of Lone Pine. 


SURFACE OBSERVATIONS AT MOUNT WHITNEY. 


The instrumental equipment consisted of a Short and 
Mason aneroid barometer, sling psychrometer, small kite 
anemometer of the Robinson type, Marvin meteorograph, 
and Richard meteorograph. The Richard instrument 
recorded pressure and temperature only and the object 
in taking it was to obtain a surface record of these ele- 
ments and also to provide a substitute in case the Marvin 
instrument were lost or injured. The latter recorded 
relative humidity in addition to pressure and tempera- 
ture. In order to secure good ventilation during balloon 
ascensions a section of the horizontal screening tube con- 
taining the humidity and temperature elements had been 
cut out, thus exposing these elements directly to the 
air. 

As soon as they were unpacked, both of these instru- 
ments were started recording and a continuous record of 
pressure, temperature, and relative humidity was ob- 
tained. The sheets were changed at 8 a.m. and 5 p. m., 
and eye readings of the aneroid barometer and psy- 
chrometer were taken at these times—at 11 a.m. and 2 
p-m., and during balloon ascensions. In addition, read- 
ings of the psychrometer were taken by Messrs. A. K. 
Angstrém and E. H. Kennard, representing the Smith- 
sonian Institution, during the nights when they were 
observing. These readings have also been used to check 
the meteorograph records., 

The exposure of the mstruments was fairly good. 
They were kept in an improvised shelter constructed 
from the boxes in which they were ‘‘packed” to the 
summit. The ventilation was good, but during those 
afternoons in which the sun shone, the air in the shelter 
was considerably heated. However, there were only four 
sunny afternoons, and furthermore the eye readings at 
2 p.m. and 5p. m. leave but little interpolation necessary. 

All of the instruments were calibrated before and after 
the expedition. Especial care was taken in the calibra- 
tion of the aneroid barometer, tests being made to de- 
termine the correction for ‘‘lag”’ or Bros ” and for 
changes in temperature. The effect of the latter was 
found to be negligible. 

Owing to the a scale value of the pressure elements 
in the meteorographs and to the effect of changes of tem- 
perature on those elements, it is impossible to obtain with 
much accuracy the hourly values. However, in Table 5 
are given the pressures observed at certain hours. The 
readings at 11 a. m. are uniformly higher than those at 
8a.m.,2p.m.,or5p.m. Itis probable that the diurnal 
maximum occurs at about this time. 
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The range of pressure for the entire period is large, 
about 8 mm. e range for the same period at Bude. 
pendence is much less, about 5 mm. At both places 
the lowest readings were recorded on August 8 and 9, while 
a cyclonic disturbance was central over northern Cali- 
fornia. This low was attended by considerable cloudi- 


“ness, with thunderstorms, and, at Mount Whitney, 


snowstorms. The greater pressure range at Mount 
Whitney than at Independence is accounted for by the 
cool weather during the passage of the low and the 
“oo, een crowding together of the isobars in the 
lower levels. 

Tables 6, 7, and 8 contain the hourly values of tem- 
perature, relative humidity, and absolute humidity, 
respectively. Means have been computed for the 10 
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prevailed. However, the values at both places, com- 

ared with those at the same altitude above Mount 

eather, indicate that in summer temperatures on 
mountains are higher than those in the free air, ay 
difference in latitude, in this case about 24°, should be 
considered. The times of maximum and minimum tem- 
peratures at Mount Whitney were 3 p. m. and 5 a. m., 
respectively; at Pikes Peak they were 1 p. m. and 5 
a. m., respectively. 

Figure 10 shows mean hourly temperatures at Mount 
Whitney and Independence and for the same period 
during 1893 and 1894 at Pikes Peak. The range at the 
latter appears to be somewhat smaller than at Mount 
Whitney, and this may be due to the fact that conditions 
at Pikes Peak are more nearly like those of the free air, 


Fia. 8.—Pressure distribution in the western United States, July 29-August 13, 1913. 


complete days, August 3 to 12, inclusive. Final con- | 


clusions may not be drawn from so short a record, but 
a few comparisons are of interest. The mean tempera- 
ture was 0.7° C.; that in the free air at the same altitude 
and for the same time of year, as determined from five 
years’ observations at Mount Weather, Va.,is—2.0°. The 
mean temperature at Pikes Peak‘ for these 10 days in 
1893 and 1894 was 2.8°. Pikes Peak has an altitude of 
4,301 meters, or about 100 meters below that of Mount 
Whitney, and to correct for this difference in altitude about 
0°.6 should be subtracted from the value at Pikes Peak. 
The temperature at Mount Whitney was undoubtedl 

below normal, owing to the severe stormy weather whic 


1Annual Reports of Chief U. S. Weather Bureau, 1893, 1894, 1895-96, Washington. 


owing to its isolation and the consequent freer circula- 
tion. The curve for Independence shows the large 
diurnal range characteristic of valley stations. Beneath 
the mean temperatures for Mount Whitney in Table 6 are 
given the means for the same period at Independence 
and the differences in temperature change per 100 meters 
altitude between the two places. The temperature 
change with altitude during the night hours is somewhat 
misleading, owing to a marked inversion of temperature 
between the surface of the valley and about 200 meters 
above it, as will be pointed out in discussing the Lone 
Pine observations. The hourly differences between Inde- 
pene and Mount Whitney during the daytime are 
arge, averaging about 0.85. The mean for the 24 hours 
is 0.73. 


| | | 
i 
= 


421 
Means, 
Means, 


0. 
1 
2 
3 
3 
0. 
1. 
1. 
1. 
0. 


12 


Mm. 


1* 
4 
6 
3 
3 


10 


: 


Mm. 


: 


Mm, 


: 


Mm. 


Mm, 


Mm. 


RESARBABAA | 


Hours. 


«| 448. 


ORESEBRES 


169 IDIOM OO 


ll 


: 


10 


Mm.\| Mm.| Mm. 


: 


: 


447.0) 447.6) 447. 


MONTHLY WEATHER REVIEW. 
Mm,;| Mm. 


TABLE 5.—Pressures at Mount Whitney, Cal., Aug. 1-13, 1918. 


A.M. 


TaBLe 6.—Hourly temperatures at Mount Whitney, Cal., Aug. 1-13, 1918. 


Mm. 
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Date. 
Date. 


1914. 


0.7 


71 


72 


72 


Hours. 


* Eye readings. 


TABLE 7.—Hourly relative humidities at Mount Whitney, Cal., Aug. 1-13, 1913. 


16.7 


16.5 


16.3 


17.2 


17.8 


0.60) 0.58 0.57) 0.54) 0.55) 0.55, 
| 


—0.8 |—1.0 |—1.1 |—1.2 |—1.3 |—1.1 |—0.6 | 


18.6 


means.... 
4t per 100m.... 

Date. 
Means....... 


Independence | 


MOR 


| 
| | ‘ 
| A.M. P.M. 
| | 
1913. | °c. | | °c. | °C. | °c. | °c. | °c. | °c.1°a | | °C. 
8| 0. 3*| * 5.6 | 4.8| 0.0 4* 
- of 4 | 5.0) 4.10 1 L14 0. 6* 
9 1. 5.5 | 4.3%) | 0. 6* 
6), 2. 6 6.6 | 7.8*| | 2.0 
1. 2] 6.8 | 3.9%) 1 1.4 Se 
0.2] 18 269 2.9] 33 37 3.2] 3.1] 28] 0.9] 0.0 |-0.3 |-0.4|-0.5 |-0.6| 
22.9 | 25.2 | 26.9 | 29.2 30.69 31.2 | 31.4 31.4 31.3 | 29.9 | 27.7 | 26.1 | 25.3 | 23.7 | 22.0] 20.4/ 19.8) 24.1 
0.71 0.78 0.80) 0.85 0.87] 0.88) 0.87 0.86 0.87] 0.83) 0.77] 0.78 0.79} 0.75) 0.70) 0.65) 0.63) 0.73 
A.M. P.M. Means. 
11 | 2 10 | m | 12] 
92% | (80) | “42 "| (50) | (60) | (70) | | (80) | 80*| | 766) 60) | 78*) | 78 | 72 
| 71*| 55 | 36*| 45*| 50 | 64 | 64*| 68 | (74) | 77 | 72 | 5I*| GO | 62) 67) 75*| 45*| 
52* | 52*| 47*| 50%) 51 | 52 | 55 | 56*| 48 | 40 | 32*| 34 34 | 40 | 45 52| 51*| 43") | 426 
7 43* | 40* | 29" | 34* | (42) | (50) | (58) | 67* | 64 | 50 | 57* | (58) | (59) 60* | 58 57 | 57*| 55] 58 | 70 | 70 | 70 | 70 | 6 u 
6s | 68 | 69 | 69 | 69 | 69 | 69 | 69*| 68 | 65 | 63*| 63 | 64 | 64* | 66 | 68] 70*| 75|100 | 100 | 95 | 94 | 93 | 98 ee 
93 | 93 | 92 | 92 | 92 | 91 | 85 | 78*| 80 | 92 | 93*| 96 ].100 | 100* | 100 | 100| 82*| 82| 84 | 85 86 | 86*| 84 | 85 eS 
86 | 87™| 87 | 87 | 88 | 90 | 94 | 95*| 95 | (92) | 89*| 85 | 90 | 100* | 100 | 98| 97*| 99/100 | 100 | 100 | 99 | 99 | 98 =f 
9 | 93 | 9 | 8 | 80 | 8 | 87 | 86*| 85 | 86 | 95%} 93 | 92 | 1) 88 | 100] 93} 94] 100 | 100 | 94 | 99 | 100 | 100 a 
100 | 100 | 100 | 96 | 94 | 94 | 63 | 41 | 41 | 41 41 | 45 | 73| 77*| 72) 67 | 63*| 41*| 40*| 31 
31*| 26 | 20*| 18*| 18 | 30 | 40 | 48 | 46 | 43®| 43 43 | 47 | 56 | 50) 72 | 76 | | SH | 15 | 15 
| | 67 1) 67 | 68 | 69 | or fos | m| m | | 69 
|= 
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bic meter at Mount Whitney, Cal., Aug. 1-18, 1913. 


TABLE 8.—Absolute humidities in grams per cu 


Hours. | 
Date. A.M P.M | Means. 
i 
4.0% | 3.8* (3.3) 1.6 (1.9) |(2.4) \(2.9) | 3.8* |(4.1) | | 4.3" 4.78 94.68 | 4.5% | | 4.2/4.5 | 4.3 | 4.3* | 3.8% | | 3.8 | | 3.4% 3.8 
ven 3.2% | 3.1% 2.4 | 1.9% 21 29 3.1 (3.8) (43 | 48947 (3.44/40 | 42) 4:4 | 4.1% | 3.5% | 2.7% | 2.3% | 2.6% | 2.6* 3.3 
2.6% | | 2.3 | 2.4% | 2.4 2.5 | 2.8 | 3.1* 2.6 | 2.4 | 2.1* 2.3 92.4 | 2.7% | 3.1 3.1 | 3.2* | 3.3) 3.0* | 2.8* | 2.9% | 2.2% 2.0" | 2.1% | 2.6 
2.1* | | 1.4* | 1.7* |(2.1) |(2.6) (3.1) | 3.7* | 3.6 | 3.1 | 3.9* [(4.1) (4.3) | 4.4%) 4.3 | 4.3 | 4.6* | 4.4 3.8 | 4-0" 3.9 |3.9.13.9 13:7 | 3.5 
Ron 3.7 13.7 | 3.7 | 3.7 13.7 |3.7 | 3.8*| 4.0 |3.9 | 4.1%] 4.3 [4.6 | | 5.1 | 6.2/4.4*/ 4.9/6.2 15.5 15.0 14.9 | 4.4 
4.8 (4.6 (46 [4.6 (4.5 | 4.1%) 4.2 | 44 94.9 (4.58) 4.7 4.9) 4.2%) 4.2/4.1 3.9 13.8 | 3.8%) 3.6 | 3.7 4.3 
3.7 13.7 | 3.7 | 3.7 | 3.8 [3.9 | 3.9% | 3.8 |(4.3) | 3.9*/3.8 [4.2 | 4.8%) 4.1 | 4.3/4.3") 43/40 4.1 [4.1 | 4.0 [3.9 | 3.8 4.0 
3.6 |3.4 |3.3 | 3.1 | 2.9 | 3.2 13.6 | 3.9% 38 13.9 | 4.5*| 45 [42 | 4.28 14.1 | 3.8/4.3*| 42/44 142 | 4.0 | 4.0 3.9 
4.0 14.0 (4.0 |3.7 13.6 |3.6 [2.4 | 2.0/1.6 | 2.08/20 $22 | | 4.2/4.4") 4.0) 3.1 | 2.6%] 1.7* | 1.6% | 1.3*] 1.2 2.8 
1.0 | 0.8* | 0.7* | 0.7 [1.2 | 17 | 2.4* 2.3 [2.4 | 2.5*/ 2.6 928 | 2.9* 3.3 | 3.5 | 3.2/3.4 | 3.3 2.3 | 2.3 [0.7 | 0.6 2.2 
i | | | 
Means....... 3.3 8.2/3.0 |3.1 |3.4 13.5 13.6 | 3.8 3.9 3.8 | 3.9 3.8 | 3.4 | 3.3 | 3.0 3.0 3.5 
*Indicates eye-readings. ( ) inclose estimated values. All others from meterograph records. 
TABLE 9.— Wind velocities, in meters per second, at Mount Whitney, Cal., during August, 1913. 
Hours. 
Date. A. M. P. M. 
1 2 3 4 5 1 2 5 6 10 | 11 | 12 
1913. 
B. 2.6 | — 13) 1.8) 1.8] 1.3) 1.3) 18 *——- 2.1 3.6 3.8 
3.8 | *—— 3.8 2.2 * 1.5 1.3 |——»|_ 2.5 
1.8 | * 1.5 | * 28 * 2.1 *___ | 3.4 — 
| 3.4 0.9 | * | 1.9 * 1.2 | 
—— 3.6 * | 3.7 * 5.5 * 3.6 |—— * 3.0 
B. 3.0 * 2.4 ——-* 3.1 * 1.5 | * 2.0 —— 
2.0 * 2.8 * 2.4 * 3.7 
_ 1.4 * 1.4 * 2.1 * 2.8 
3.5 * | 4.1 * 3.7 * 3:7 * 3.7 


Mean velocity for entire period, 3 m. p. s. 
NotTe.—Anemometer read at the times indicated by *; figures are mean velocities b 


TABLE 10.—State of weather at Mount Whitney, Cal., during August, 1913. 


etween readings. 


j Hours. 
Date. | a. M P. M. 
| | | | | Remarks. 
9] 10] 1] 12 | 11 | 12 
| | | | | | | | 
| | | | | | | | | | 
2. | ——/ Cloudy Pt. Cldy.| Clear. —— — x, m. 
3.\——>! Pt. eldy.| Clear. | Pt. cldy. <— Cloudy. Pt. eldy. Clear, ——'—_—- = 2a, Cu. from SE. 
4. Clear. Pt. eldy. Clear, Cu. from 8. ¢ in NE. in evening. 
5. Clear. —— Cu. & Cu. N. from S.; ¢ in NE. in 
6. Clear, —_|_ |__| Pt. eldy. Clear. ——| Cu. & Cu. N. from; [Znear by in p.m. 
7. Clear, Pt. Cloudy. ——)| nearby; * 5:30 p.—12 p. 
8. Cloudy. | Pt.cldy.| Clear. | *2~—4:30p. 
9.\Clear! Pt. cldy. Cloudy | <«——| Pt. cldy. Snow squalls. **6p.; =*. 
10.| Pt.cldy.<—— | Clear. Pt. cldy. Cloudy. 9:30 8. —9 


The relative humidity, Table 7, was probably higher 
than normal for this season of the year, owing to the 
unusually stormy weather and the presence of snow on 
the ground. The mean was 69 per cent, the mean maxi- 
mum 79 per cent at 7 to 8 p. m., and the mean minimum 
61 per cent at 4. a. m. During the severe storm of 
August 8, 9, and 10, 100 per cent was frequently recorded. 
_ — minimum was 15 per cent at midnight of 
the 12th. 


For the reasons given above, the absolute humidity, 
Table 8, was also probably higher than normal. The 
mean was 3.5 grams per cubic meter, the mean maxi- 
mum 4.2 at 4 to 5 p. m., and the mean minimum 2.7 at 4 
a.m. The absolute maximum was 6.2 at 7 p. m. of the 
ae the absolute minimum 0.6 at midnight of the 
12th. 

Table 9 gives roughly the average wind velocities. 
Dial readings of the anemometer were made at the times 
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indicated by stars. The figures between these stars Mount Whitney and about 10 meters below it. This was 
represent average velocities for the intervals between the only spot on the mountain that was fairly level and 
readings. The mean for the entire period was 3.0m. p.s. free from jagged surface rocks. While the balloon was 
That at Pikes Peak for the same time of year was 6.0 being filled with gas it rested on a large piece of canvas 
m. p. s. This difference may be due partly to the fact to protect it from rocks and snow. The gas, com- 
that Pikes Peak stands out in the open, whereas Mount rem in steel cylinders, was furnished by the Signal 
Whitney is surrounded by peaks —s as high as itself, Corps of the United States Army. A hand reel was used 
and also to the greater proximity of Pikes Peak to the for reeling the wire in and out. Readings of the psy- 
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Fig. 9.—Horizontal projections of the paths of the sounding balloons liberated at Avalon, Cal., July 23-August 10, 1913. 


cyclonic storm paths of the United States. The pre- 
vailing wind direction was southeast, but directions 
ranging between south and northeast were frequently 
observed, and a southwesterly wind prevailed during the 
blizzard of August 9. 

In Table 10 may be found the state of the weather for 
the period, together with notes on storms, kinds of 
clouds, and miscellaneous phenomena. 


FREE-AIR OBSERVATIONS AT MOUNT WHITNEY, CAL. 


The place from which balloon ascensions were made 
was about 60 meters to the northwest of the summit of 


chrometer, aneroid barometer, and anemometer were 
made with the aid of a pocket electric flash lamp. 

Ascensions were made on only three nights, , 3, 
4, and 5, and were begun immediately after sundown. On 
all other nights the weather was either too windy or too 
stormy. The balloon was allowed to take as great an 
altitude as possible and was then kept out until the 
wind aloft had increased to such an extent that it was 
necessary to reel in. 

Table 11 contains the tabulated data for the three 
records obtained, and in figures 11 and 12 are plotted 
the temperature and absolute humidity gradients, re- 
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spectively; the slight changes with time at the higher 
levels in each ascension are not plotted; only the ascent 
and descent proper. On August 3 and 4 these elements 
diminished with time by nearly the same amounts at all 
upper levels as at the surface. There was but little 
wind during these nights. An August 5, however, there 
was a fairly high northeast wind aloft and the tempera- 
ture and humidity changed very little with time. The 
change with altitude in temperature was greater and in 
absolute humidity less than on the other nights. 


TABLE 11.—Results of captive balloon ascensions at Mount Whitney, 
Cal., Aug. 8-5, 1918. 


Surface. At different heights above sea. 
| 
Date and hour. Humidity. 
Tem- Wind | Tem- = 
Pres- Rel. Pres- Wind 
pera- direc- | Height 
sure hum. sure. | dir. 
ture. tion. — Rel. | Abs. 
Aug. 3, 1913: Mm.| °C. | % M. | Mm.|°C.| % (glew.m. 
7:13 p.m.....| 446.2 | 0.6] 80 js. 4,410 | 446.2 | 0.6 4.0 |s. 
7:18 p.m.....| 446.2] 0.3} 81 |s. 4,533 | 439.3 65 3.1 |ese. 
7:25 p.m..... 446.2) 0.1 80 js. 4,631 | 434.0 '|-0.9 | 65 2.9 
7:35 p.m.....| 446.3 | 78 |calm. 4,689 | 430.9 —1.5 ............. 
7:45 p.m.....| 446.3 | 0.2| 78 |calm. | 4,801 | 424.9 —2.3 |......)....... 
7:58 p.m..... 446.3} 0.3| 75 'e. 4,683 | 431.2 /-0.8! 1.3 
8:06 p.m.....| 446.3/ 0.3) 73 e. 4,801 | 424.9 -1.5| 18! 0.8 
8:10 p.m..... 446.3] 74. 4,744 | 427.9|-1.3| 0.7 (6. 
8:15 p.m..... | 446.4] 0.2) 75 4,802 | 424.9 13/ 0.5 |e. 
8:18 p.m.....| 446.4| 0.2| 76 4,664 | 432.4 26| lL.lee. 
8:31 p.m..... 446.4/ 0.1| 78 ene 4,579 | 437.0 -1.5 67 2.9 /ene. 
8:41 p.m.....| 446.4 | 0.0| 79 ene. | 4,509/ 440.9 —0.7| 68 3.1 jene. 
8:51 p.m.....| 446.5 |—0.2 85 ene. 4,410 | 446.5 —0.2; 85 4.0 
Aug.4,1913: | | 
6:45 p. 446.1) 77 calm. 4,410 / 446.1 2.3) 77 4.4 (calm. 
6:49 p. | 446.2) 2.2 78 \calm GO |. icalm 
6:56 p. .| 446.2} 2.0] 76 \calm. | 4,852 | 422.3 -0.9| 64 2.9 \calm 
7:04 p. 446.2} 1.8| 74 calm. 5,104 409.1 —2.2| 37) 1.5 |calm 
7:12 p. (446.2) 1.6| 72 calm. | 5,359 | 396.1 -4.8) 34, 1.1 ssw 
7:22 p. 446.2) 71 calm. | 5,230 | 402.6 -4.4/) Li's. 
7:45 p. 448.3| 1.6] 70 calm. | 5,316 | 398.3 —5.6| 24) 0.7 |wsw 
7:56 p. -| 446.3 | 1.3 67 ‘calm 5,216 | 403.3 |—4.9 23 0.8 |wsw 
8:25 p. -| 446.3) 60 ¢. 5,258 | 401.2 19 0.6 |sw. 
8:55 p. -| 446.2} 1.1] 55 calm. 5,201 | 404.0 |-3.6| 12 0.4 |ssw. 
9:13 p. -| 446.2! 1.1) 50 calm 5,229 | 402.6 —3.6| 12) 0.4 |ssw 
9:39 p. 446.2! 0.9| 46 calm. | 5,299 | 399.0 -5.6| 12) 0.4\s. 
10:00 p. -| 446.2 0.8| 45 calm. | 5,198 | 404.0 |-4.3| 12) 0.45. 
11:45 p. -| 446.0! 0.6| 51 4,634 | 433.6 -1.9| 10) 0.4 
11:50 p. 446.0) 0.6) 4,509 | 440.5 |-0.7| 2) Life. 
12:00 m -| 446.0} 0.6] 51 4,410 | 446.0) 0.6) 51) 26 ¢. 
Aug. 5, 1913: | | | 
6:38 p. 446.0 | 2.8; 51 calm. | 4,410 | 446.0) 2.8) 51/ 3.0 |calm. 
6:54 p. 446.1) 2.5 52 \calm 4,625 | 434.3 0.8| 54); 2.8 jsw. 
7:30 p. -| 446.2} 1.8| 50 calm. 4,810 | 424.4 54), 2.3 ine. 
7:37 p. 446.3; 1.8) 45 calm 4,995 | 414.7 |—2.8 54 2.1 jne. 
7:52 p. 446.4 1.9 47 calm 4,997 | 414.7 —3.5 54 2.0 ine. 
8:05 p. 446.4/ 1.8} 53 ‘calm. | 4,898 | 419.9'-2.7 54] 2,1 ine. 
8:17 p. -| 446.5} 57 \calm. | 4,999 | 414.7 |-3.4| 54| 2.0 ine. 
8:42 p. -| 446.6] 1.3| 55 calm. 4,861 | 422.1 /-1.8| 54| 2.3 
8:56 p. 446.7| 1.2| 55 calm. | 4,736 | 428.9 53] 2.5 
9:05 p. -| 446.7| 1.3 | 55 Ine. 4,820 | 424.4 |-1.1| 2.4 
9:20 p. -| 446.6 1.3} 651 ne. 4,734 | 428.9 51/ 2.4 ne. 
9:44 p. -| 446.5 | 1.2 46 ne. 4,604 | 435.8 | 1.0 48 2.5 ‘ne. 
11:00 p.m 446.1) 1.1 | 38 ine 4,410 | 446.1 | 1.1 | 38 2.0 
| 


Aug. 3, 1913.—One captive balloon was used; capacity, 28.6 cu. m- 

Few Cu., from the east, prevailed throughout the ascension. 

Aug. 4, 1918.—One captive balloon was used; capacity, 28.6 cu. m.; 
lifting force at beginning of ascension, 5.4 kg. 

Few Cu., from the south, at 7 p. m. le by9p.m. Lightning 
was seen over or near Death Valley. There was considerable electricity 
on the wire. 

Aug. 5, 1913.—One — balloon was used; capacity, 28.6 cu. m. 

Few Cu., direction unknown, in early evening. Cloudless after 8.50 
p.m. Lightning was seen on the eastern horizon, near Death Valley. 


TaBLE 12.—Temperature differences at 100-meter intervals above Mount 
Whitney, Cal., Aug. 3, 4, 5, 1913. 


Altitudes (meters). 
Observations | | 
100 | 200 300 | 400 | 500 | 600 700 | 800 | 900 
Aug. 3, 1913 
0.6 |0.8 (0.9 | 0.6 |......)...... 
Aug. 4, 1913 
0.4 04 09 (1.0 |05 0.6 |1.0 | 1.0 
13/10 0.5 |0.5 10.4 0.4 10.4 | 0.4 
Aug. 5, 1913 
0.63 | 0.72 0.77 | 0.77 0.78 | 0.72 0.50] 0.70 
| 


1914 


Table 12 contains the temperature differences at 100- 
meter intervals above the surface, as observed in all 
three ascensions. The mean gradient is 0.70 and is 
fairly constant at all altitudes up to 900 meters. 
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Fic. 10.—Mean hourly temperatures at Mount Whitney and Independence, Cal., August 
3 to 12, incl., 1913, and at Pikes Peak, Col., August 3 to 12, incl., 1893 and 1894. 
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Fig. 11.—Temperature gradients (°C.), oo Mount Whitney, Cal., August 3, 4, and 5, 
1913. 
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Fig. 12,—Absolute humidity above Mount Whitney, 
., August 3, 4, and 5, » 
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FREE-AIR OBSERVATIONS AT LONE PINE, CAL. 


The balloon ascensions were carried out by Mr. P. R. 


Hathaway from a place about 1 kilometer north of Lone 
Pine. The instrumental and other equipment was similar 
to that used at Mount Whitney. Owing to leakage of a 
large number of gas tubes, only four ascensions were 
These were made on August 1, 2, 3, and 4 and 
after sundown. Surface conditions 
for making ascensions at this time of day were usually 


possible. 
were begun shortl 
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The records obtained in the balloon ascensions are 
given in tabular form in Table 13. Figures 13 and 14 
show the temperature and absolute humidity gradients 
respectively. There was always a marked inversion o 
temperature between the surface and 200 meters above 
it, amounting on the average to 6° C. (See Table 14.) 
From 200 to 300 meters there was practically no change, 
but above 300 meters the temperature decreased with 
altitude at a fairly uniform rate, the mean difference per 
100 meters being 0.73. On August 2 there was about 


excellent. equal cooling with time at all levels; on the 4th the tem- 
Alt. AUG. 7. AUG. 2. AUG. 5. AUE.4. Alt. 
km km 
23 23 
22 \ 22 
ASLENT. O-O—O NG 
20 20 
19 AN \ 19 
\ A 
18 18 
17 17 
16 16 
14 as 14 
13 “13 
'Tem.°C 17° 18° 29° oF 2a” 17° 18° 19° 20° 21° 29° 23° 24° 25 26 97°28" | 29° 23° 24° 25 26 27°28 29 | 20° 21 22° 23° 24° 25 27° 28 29° 30 Tem °C 


Fig, 13.—Temperature gradients (°C.), above Lone Pine, Cal., August 1, 2, 3, and 4, 1913. 


TaBLE 13.—Kesults of captive balloon observations at Lone Pine, 
Cal., Aug. 1-4, 19138. 


perature ry but little at upper levels and increased 
somewhat at the surface. 
The absolute humidity (fig. 14) diminished rapidly 


from the surface to the altitude at which the highest 
ek ee temperature was recorded. Above this, on August 2, the 

Pres- py, | Wind] | wing Only night in which a record of humidity at higher levels 
sure. | hum.| || sure. aps. Was obtained, it diminished slowly. 
Alt. AUG. /. AUG. 2. AUG. 5. ft 

Aug.1,1913: | Mm.| °C. | % M. | Mm.) °C. | % |g/cu.m km 
9:18 p.m...| 660.3 16.7| “79 ‘calm. | 1,137 | 660.3 | 16.7| “79 | 11.1 (calm. 22 22 
9:30 p.m...| 660.4 | 16.7 | 79 calm. | 1,190 | 656.3 | 21.1| 50| 9.1 \w. 

9:37 p.m...| 660.5 | 16.8 | 78 calm. | 1,296 | 648.5 | 22.2) 7.2 \w. 21 ASCENT. | 
9:44 p.m...| 660.6 | 17.2| 77 \calm. | 1,297 | 648.5 | 21.4| 37] 6.9 lw. 20 20 
10:10 p. m..| 660.8 | 18.3} 72 |w. 1,311 | 647.7 | 23.0} 28| 5.7 |w. DESCENT. 9 

10:16 p.m..| 660.8 | 16.7} 80 \calm. | 1,470 | 636.0 | 23.1} 24] 4.9 lw. 19 19 
10:43 p.m..| 661.0 | 16.7 | 78 1,204 | 655.8 | 22.3) 46) 90s. 18 18 
10:48 661.1 | 16.7 | 78 1,137 | 661.1 | 16.7| 78| 11.0\s. 

Aug. 2, 1913: 17 17 
7:38 p.m...| 658.3 | 23.9| 46 Innw. | 1,137 | 658.3 | 23.9] 46| 9.9 |nnw. 16 16 
7:41 p.m...| 658.5 | 24.2| 45 Innw. | 1,253 | 649.9 | 27.2] 30) 7.7 in. \ 

7:47 p.m...| 658.8 | 22.6 | 48 | 1,355 | 642.8 27.1) 17) 4.4 In. 15 1 15 
8:01 p.m...| 659.3 | 19.4 | 64 1,958 | 600.4 | 23.0} 17) 3.5 \calm. 
8:48 p.m...| 660.0 | 19.7 | 57 \calm. | 2,273 | 579.8| 19.2] 3.8 |se. 
9:20 p.m... 660.9 | 18.6 | 66 jcalm. 1,811 | 612.1 | 22.7] 4.0 jse. 13 13 
10:48 p.m..| 662.6 | 17.5 | 69 \s. 1,734 | 618.9 | 22.9] 20! 4.0 |sw. 12 12 
10:56 p.m..| 662.8 | 18.0} 64 |s. 1,728 | 619.7 | 21.9} 4.0 |sw. 
11:05 p. m..| 662.9 | 16.4| 77 \s. 1,432 | 641.0 | 24.3] 23| 5.0 |se. Abs. Hun, th, 
11:13 p. m..| 662.9 | 16.7 | 75 |s. 1,316 | 649.4 | 25.6 | 21] 5.0 /e. 566789 0 ll $ 45678 98 0 7 8 9 10 
11:19 p.m.) 662.9 | 17.0] 70 |w. 1,234 | 655.5 25.5| 21| 4.9/e. 

682.9 | 17.2] 70 Jw. 1,137 | 662.9| 17.2} 10.2 |w. 

ug. : Fia. 14.—Absolute humidity gradients, i % 
7:17 p.m...! 661.8 | 21.7} 54 jealm. | 1,137 | 661.8 | 21.7| 54| 10.2 |calm. 
7:21 p.m...| 661.9 | 21.7| 54 calm. | 1,296 | 650.0 | 28.4] 26| 7.2 |sse. 

7:19 p. m...| 656.9 | 19.9 | 58 |calm. | 1,137 | 656.9/19.9| 9.9 |calm. Pine, Cal., Aug. 1-4, 1918. 

7:22 p.m...) 657.0 | 19.8 | 57 \calm. } 1,309 | 644.4 | 30.6 |......]....... se. 

7:34 p.m...| 657.4 | 21.0] 43 |calm. | 2,367 | 572.2 | 23.2 |......]....... se. Altitude (meters). 

7:56 p.m...| 658.2 | 22.2 39 |e. 2,106 | 589.9 | 24.4 |..00.).00.... sse. Observations. 

02 p.m... 8. 1,6 622.7 sse. 

8:05 p.m...| 658.3 | 23.0] 38 |s. 1,459 | 634.9 | 30.6 |......|......- sse. 1,100 | 1.200 
8:55 p.m...| 658.2 | 26.4] 27 |s. 1, 137 | 658.2 | 26.4 | 27 | 6.7 |s. 

Aug. 1, 1913: 
: Ascent........-.. —4.8 

Ae. 1, 1913.—One balloon was used; 28.6 cu.m, —5.7 

Cu. Nb., from the west, decreased from 5/10 to a few. Light rain fell ~~ ~2.7 

for about two minutes at 9.35 p. m. Not Descent......... —8.3 
Aug. 2, 1913.—One captive balloon was used; capacity, 31.1 cu.m. Aug. 3,1913 

St. Cu., from the south, decreased from 6/10 to a few. Aug. —. Ted aie Ane 

8, 1913.—One captive balloon was used; capacity, 31.1 cu.m. 1/10 —6.2 

Cu., Gracin unknown, disappeared before the end of the ascension. Descent......... —1.3 
Aug. 4, 1918.—One captive balloon was used; capacity, 31.1 cu.m. Means......... ~4.74 

The sky was cloudless. 
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During the day there was a moderate breeze from the 
north blowing down the valley. This became very light 
toward evening, and at about the same time the tem- 
perature began to fluctuate, sudden changes of 2° to 5° C. 
occurring frequently between 6 p. m. and the time of 
minimum temperature. These fluctuations are well 
shown in the thermograph records at Independence, Cal. 
(fig. 15), and in Table 15, which contains observed tem- 
peratures and humidities at Lone Pine, Cal. These ob- 
servations have been referred to by Dr. Wm. R. Blair in 
his discussion of mountain and valley temperatures 
(Bull., Mt. Weather obs’y, Washington, 1914, 6: 122 
and are in accord with the conclusion there reached that 
‘‘there is not a stream of cool air past the slope station, 
but a direct convective interchange between the cool air 
on the slope and the free air over the valley at the same 
or slightly lower levels.’’ In general, as shown in Table 
15, the lower temperatures were accompanied by the 
higher absolute humidities. 


Jury, 1914 


southerly current aloft, at the same time causes the sur- 
face northerly current down the valley. 


THE HORIZONTAL RAINBOW.! 


By 8. Fusrwnara. 
[Dated Central Meteorological Observatory, Tokyo, January 12, 1914.] 


The so-called horizontal rainbow has been reported by 
several scientists. Julius von Hann observed this mys- 
terious optical phenomenon on Lake Constance, and 
W. R. N. Church has seen it on Loch Lomond. F. 
Hashimoto observed such a rainbow (or horizontal spec- 
trum) on Lake Suwa in central Japan on the morning of 
November 3, 1912. On this morning the weather was 
very clear. He and Count A. Tanaka were then engaged 
in limnological observation at the shore near Kakuyt- 
kan. Mr. Hashimoto saw the rainbow on the water 
surface of the northeastern part of the lake. They at 
first observed the bow with their eyes at a height of 9 feet 


3 4 0 6 


Fig. 15.—Thermograph record (°F.), at Independence, Cal., August 3-6, incl., 1913, showing fluctuations in temperature during nighttime. 


TaBLe 15.—Fluctuations in surface temperature and humidity at Lone 


Pine, Cal., Aug. 2 and 3, 1913. 


| Tem. | Relative | Absolute 
Date. Time. | sature humid- | humid- 
1913. P.m. Per cent. | g/cu. m. 
7:48 22. 2 48 9.3 
7:51 20.6 56 9.9 
8:01 19.4 64 10.6 
8:45 20.0 56 | 9.6 
9:10 16.7 765 | 10.6 
9:21 18.7 10.2 
10:01 16.7 75 | 10.6 
11:00 18.3 62 | 9.6 
11:05 16.4 77 | 10.7 
11348 18.9 60 | 9.6 
7:40 21.1 56 | 10.2 
7:50 19.4 66 | 9.3 
8:05 20.8 45 8.1 
8:37 19.4 62 | 8.6 
9:09 21.1 42 | 7.7 
9:33 23.9 34 | 7.3 
9:43 21.8 47 | 8.9 


Between 8 and 10:30 p. m. it was necessary to bring 


the balloon down because of southerly or southeasterly 
winds aloft. These winds gradually extended toward 
the surface and were warm and dry (Table 13). The 
mixing of the upper southerly and the lower northerly 
currents seems to account for the variations in surface 
ay mage and humidity already referred to. 

ne fact that the upper southerly wind is warm and 
dry suggests the probability that it originates over the 


Mohave Desert, which is about 150 kilometers south of 


Lone Pine. The heating and consequent rising of air 
over the desert in the daytime, which gives rise to the 


above the water level. On bringing their eyes down to 
the height of 6 feet the length of the bow diminished, but 
the colors became very distinct. By lowering their eyes 
the bow became clearer, and at last, at a hei ht of a 
little lower than 4 feet, it vanished. At any height lower 
than this they could no more see the bow, but above this 
height the bow was seen. As the sun rose higher the bow 
shifted to the right and vanished from them at 11 a. m., 
while standing on the shore; soon they went up the 
stairs of an inn near by, and thence they could perceive 
the bow, though indistinctly. The position of the lake 
and features of the bow on this occasion were as shown 
in figure 1. About 8 a. m. on December 8, 1913, Mr. 
Hashimoto again observed a similar phenomenon on the 
same lake. At this time he was in a boat making lim- 
nological observations. In his letter to me he states the 
results of his observations. On the morning in question 
the surface temperature of the water of the lake was 8° C. 
and that of the air was about 3° C. He also observed a 
very thin haze or mist over the surface of the lake and 
the air was very calm. ‘The optical conditions on Decem- 
ber 8, 1913, are presented in figure 2, where the plane of 
the figure represents the surface of the lake water; OS’ 
is the horizontal projection of the sun’s ray passing 
through O, the position of the observer, Mr. Hashimoto. 
OV and OR are the limiting rays of the horizontal rain- 
bow RV. The angle ROV has been estimated at about 
3°, and the horizontal angle VOS at 38°. The violet 
side of the bow is indicated by OV and the red side by OR. 


1 Revised and reprinted from Jour, met. soc. Japan, Tokyo, March, 1914. 
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The formation of the horizontal rainbow seems to be 
not yet fully explained. One is naturally inclined to 
regard it as a phenomenon similar to the ordinary rain- 
bow; but the only property they have in common is that 
of the spectrum colors. In all other respects they are 
quite different. The principal points of difference are: 

1. The horizontal rainbow occurs in very clear weather 
and is not associated with rain. 

2. The arrangement of the colors in a horizontal rain- 
bow is radial, and not transverse [concentric circles] as 
in an ordinary rainbow. 

3. The ordinary rainbow appears as a vertical circular 
arc having an angular radius of about 40° to 42°, while 
the horizontal bow or “‘ohikari’’ has the form of a hori- 
zontal narrow sector about 3° wide. Sometimes the 
horizontal sector is 15° wide, which is never the case in 
an ordinary rainbow. 


THEORETICAL CONSIDERATIONS. 


In the following is presented a physical explanation of 
this rare phenomenon. 

Assume that two conditions prevailed in the actual 
case: (a) A thin sheet of mist formed of very small water 
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Fig. 1.—Horizontal rainbow on Lake Suwa on November 3, 1912. 


drops lies over the water surface. This may often hap- 
pen over any body of shallow water on a very calm and 
comparatively warm day. Lake Suwa is a shallow bod 

of water; under strong insolation its water warms up read- 
ily and evaporation from the surface takes place rapidly. 

r. Hashimoto reports that on the morning of December 
8, 1913, the temperature of surface water was 8°C. and 
that of the air above was about 3°C. He also observed 
very thin mist on the surface of the water. During the 
colder months vapor from the lake surface must condense 
into small drops at the height of but 1 or 2 meters above 
it. (6) Assume the position of the sun proper for the 
formation of a horizontal bow. This condition also was 
fulfilled in the cases under discussion. 

Now, suppose the eye of the observer placed at the 
origin, O, of the rectangular coordinates z, y, 2, in figure %. 
Let z be taken vertically upward and y perpendicular to 
a ray from the sun. For the sake of simplicity, the sun’s 
rays may be regarded as all parallel at any instant; the 
altitude of the sun may be designated as h, and the direc- 
tion cosines of the sun’s rays may be 4, p, v, where 
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A=cos h, v= —sinh. The equation of the sheet of mist 
having a height a above O, will be z=a. 

According to the geometrical theory of the rainbow, 
the drops reflecting any spectrum color of the rainbow 
to the eye must lie in the surface of a cone whose apex 
is at the observer’s eye, O, whose axis is parallel with the 
ray from the source of light, S, and whose semiapical 
angle is the supplement of the angle of minimum devia- 
tion for that color and for those drops. According to 
the new theory,? which considers diffraction phenomena, 
the magnitude of the semiapical angle of the cone is 
slightly different from that of the geometrical theory, 
a varies with the magnitude of the drops. In either 
case we shall designate the apical angle of the cone by @. 

The equation of the cone becomes 


V(e+y+2) cos 6 = (de+vz) 
Dispersion phenomena must occur in the drops above 
the lake surface when the sun shines upon them. The 
phenomena must be observed along the curve of inter- 


section of the semicone and the plane of the sheet of 
drops. The equation of the curve of intersection is 


+a?) cos 
in the plane z=a. 


Fie. 2.—Optical circumstances favoring a horizontal rainbow on December 8, 1913. 


From this equation we know 
(I) The curve is (a). An ellipse, when cos*@>2?, a<0, 
and the equation becomes 


(« + adv y 
cos?@—}? + 1 


(I) (b) A single point, when ¢os*@>#, a=0, its 
codérdinate being 


z=0,y=0, 


(I) (c). Vanishes when cos?@ >2?, a>0. 


(II) The curve is (a). A parabola, when cos?é =#, a< 0, 
and the equation becomes 


= —2b tan (x +b cot 26) 


a airy. Trans. Camb. phil. soc., 1838, v. 6, 
by Boitel, Larmor, Mascart, L. 


. 379, and 1848, v. . 595. Also 
Lorenz, Pernter, Aichi, and 7. Tenakadate. 
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(II) (b). A straight line, when cos’# =7, a=0, and the 
equation becomes 
y=0. 
(Il) (c). Vanishes, when cos*@ = 7?, a>0. 
(IIT) (a), and (III) (ce). Thecurve becomes one branch 


of a hyperbola, when 7? >cos’#, a2 0, and the equation is 
__ _\ 
(2 
#® — cos’6 


(III) (b). Two straight lines passing through the 
origin, when #? >cos*@, a=0, and the equations are 


t= + _ 
— cos? 0 
Thus, we see that in order to observe the horizontal 
rainbow it is convenient to have the eye not lower than 
the sheet of water drops. 
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Fig. 3.—Diagrammatical explanation of the horizontal rainbow. 


Suppose the eye is on a level with the sheet of drops. 
At sunrise, since ??=1>cos @ and /#?—cos*é=sin’0, the 
rainbow must appear in two straight lines, each making 
the angle @ with the ray which enters the eye of the 
observer. As the altitude of the sun increases A decreases, 
and consequently the angle between the two straight 
lines becomes smaller and smaller. At the instant when 
A=cosé the two coincide and at the next moment the 
rainbow vanishes. As the sun travels from east to west 
the axis of the cone shifts from left to right of the 
observer. 

Next consider the case when the eye of the observer is 
above the sheet of water drops. First the horizontal 
rainbow is of the form of one branch of an hyperbola. 
Gradually the vertex approaches the observer and the 
aperture of the curve diminishes, its axis shifting from 
left to right. At the instant when cos*?@=/? the curve 
becomes a parabola and at the next moment it becomes 
an ellipse. Thenceforth its major and minor axes 
diminish inish, but they do not vanish unless the mist disap- 
pears. After the sun passes the meridian the dimension 
of the bow increases again, repeating the same changes 
but in the inverse order. 


Jury, 1914 


In order that the horizontal rainbow may be distinctly 
visible, the angular distribution of the drops must be 
somewhat dense, so that as the observer rises higher the 
figure becomes less distinct. For the above reason, and 
since the eyes of the observer are situated in general a 
few meters above the surface of the lake, the hyperbolic 
or parabolic bow must be one or two sensibly straight 
lines when the horizontal rainbow appears at a great 
distance from the observer. Since light undergoes dis- 
persion, there must be tape-like colored bands along these 
two straight lines. This is why the colors in the hori- 
zontal rainbow appear radially and in the form of a band. 
The horizontal rainbow appears on clear days because 
only on clear days can there be drops with the sun shining 
upon them. Thus, all the principal facts are explained. 

Next we will calculate the breadth of the rainbow and 
will find the position of the sun favorable to the actual 

roduction of a horizontal rainbow. Let /, m,n be the 
irection cosines of the beam from any drop near the 
surface of the lake to the eye. Then 


cos nv 
or 


l= (cos 6— nv) 
We will distinguish all symbols belonging to the violet 


and the red rays of the bow by inferiors v and r, respec- 
tively. The angle ¢ between the violet and the red rays 


is expressed by the formula 


cos =l Jd, + mym, t+ 
Since 
(c080,—nw), (cos 0,—"n,v), 
1-5 (cos 0,—n,v)? —n,?, 


(cos 0,—n,v)? —n,’, 


cos [(cos 0, (cos 6,—n,v) 


— VER = (608 Med)? — (C08 — Med)? 
+ NyNyz. 


A becomes zero when the sun is at the zenith, but this 
does not occur in our latitudes. If 4 becomes zero, then 
cos or ¢=0°. 

In the actual case, since 0, 42° and 0, = 40°, and since 
the rays from the drops are sensibly horizontal, nv may 
be neglected. Thus we may put 


cos = [cos 6, cos y+ (@—cos,)]. (1) 


If 4=1, or the sun is on the horizon, 
cos ¢= cos 6, cos 6,+ sin 
= cos (0,—4,), 


cos 2° 
and 
==2°, 
If A=cos 6, 
cos 6, 
then cos ¢ sends 
=cos 16° 44’ 


and 


p=16° 44’. 
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This shows that the breadth of the rainbow must be 
some value between 2° and 16° 44’. The values 0, and 
6, here used are rough approximations, hence the quan- 
tities obtained only show the order of magnitude. The 
exact values of 0, and 6, vary with the magnitude of the 
water drops. If the drops are small the angles diminish 
even to the value 6,=38°. In such a case the breadth 
of the bow becomes smaller than the value shown above. 

Next we shall calculate the breadth of the raimbow in 
the actual case. The position of the observer on Novem- 
ber 3, 1912, was 


longitude 138° 7’ E. of Greenwich. 
latitude 36° 3’ N. 


Declination of the sun at 9, 10, and 11 a. m. was 
—14° 53’, —14° 54’, and —14° 55’, respectively, and 
the corresponding computed altitudes of the sun were 


hy=27° 45’, =34° 39’, hy, =38° 29’. 
Introducing these values in equation (1) we get 
4’, =5° 57’, =10° 44’. 


The maximum altitude (at the meridian transit) of the 
sun on that day occurred at 11 31™ 27° civil time, and its 
amount was 39° 1’ 36’’. 

If we put h =39° or A=cos 39°, then we get from equa- 
tion (1) 

p=14° 0’. 


Since the observation was a rough one, this value for ¢ 
must be looked upon as fairly coinciding with the actual 
value, that is, 6=15°. 

On December 8, 1913, the horizontal rainbow was ob- 
served at 8 a.m. At that time the sun’s altitude was 
11° 23’ for which 6=1° 28’, or nearly one-half its ob- 
served value of 3°. At 9 a.m. of that day the sun’s alti- 
tude became 19° 17’, and hence ¢=3° 17’. 

Thus we see that if the time of observation was some- 
what later than 8 a. m. (in the observer’s report the time 
is said to be about 8 a. m., so the number of minutes is 
naturally obscure), then the calculated value of ¢ becomes 
greater than 1° 28’, and if the true width would be some- 
what less than observed, then the theory may coincide 
with the facts. 

The angle SOV in figure 2 can be calculated. Since 


cos 40° =1,A+nyv 
=1,A, 
hence 
Lg 40 cos 40 =cos 38° 11’ 


A cos 11° 23’ 


at8a.m. Thus value agrees very well with the observed 
value 38°. ‘ 

Thus there is sufficiently close agreement between 
theory and facts to determine the true cause of the hori- 
novel bow. One point remains to be noticed, however. 
The observer tells us that on November 3 the rainbow 
vanished at 11 a. m. How can it vanish? There must 
be two explanations. The first of these is that the sheet 
of drops might vanish with the increase of air tempera- 
ture; the second is that the drops did not dissolve but 
that the sun became so high that its altitude exceeded the 
apical angles of the cones for both the violet and the red 
rays. At first thought it seems likely that the altitude 
of the sun could not increase to a sufficient degree to 
cause the rainbow to vanish, because 6, is nearly equal 
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to 40° and the calculated maximum altitude of the sun 
is 39° 2’. But as before remarked, the above value of @ 
is a rough approximation. Sometimes when the dro 
are very small, e. g. of a radius less than 0.025 mm., the 
the value of may become less than 38°. Since the mist 
was very thin, such small drops may have existed. If so, 
then, when the sun reached the proper altitude, the bow 
would become invisible to an observer whose eyes were on 
a level with the sheet of drops. To one whose eyes were 
above the sheet of drops, however, the bow might still be 
visible, though it would have become somewhat indistinct. 
This was proved by the above given observation. 


POSTSORIPT, JULY 12, 1914. 


On January 30, 1914, Mr. Katsuji Nakamura, 
of the Central Meteorological Observatory, Tokyo, ha 
pened to observe a horizontal rainbow in the moat of the 
observatory. After that, this often appeared in the 
morning of calm winter days. The account of this is 

iven in the Journal of the Meteorological Society of 

apan, 33d year, No.6. He and I made observations of 
the angular breadth of the bow, the difference of the 
departures of the violet and red ends of the bow from the 
direction of the sun’s ray passing through the observer’s 
eye, the altitudes of the sun, etc., and found a good 
agreement with the theory given in the text. Since I 
have written about the horizontal rainbow in the Jour- 
nal of the Meteorological Society of Japan, many reports 
came from observers stating the occurrences of horizontal 
bows on Lake Suwa. In some cases two branches of a 
bow were seen at the same time. I have learned from 
Prof. Nagaoka, of the Imperial University, Tokyo, that 
he observed a horizontal rainbow on the ice sheet of the 
Sinobazu Pond, in Tokyo. On that day the weather 
was very clear, but a thin sheet of mist was observed on 
the ice surface. Prof. S. Nakamura, of the same uni- 
versity, observed a similar phenomenon on the moat in 
front of the imperial — in Tokyo. On this occa- 
sion the weather was also clear, and there was no mist 
perceived over the moat, but he observed some oily 
specks on the surface of the water. All these phenomena 
— in the morning of very calm and bright winter 

ays. 

ioe heard from Prof. Nagaoka that J. C. Maxwell 
observed a colored bow on the frozen surface of the ditch 
which surrounds St. John’s College, Cambridge.’ It 
occurred on the 26th of January, 1870, at about noon. 
He measured with a sextant and found that the angular 
distance of the bright red of the bow from the sun’s ra 
was 41° 50’, and that of the bright blue 40° 30’. He 
considered the bow to be vedhool by water drops on the 
ice surface. Bows formed by ice crystals are seen on the 
same side as the sun and not on the opposite side. These 
angles are somewhat smaller than the values for an ordi- 
nary rainbow. This fact was also found by us. The 
following table shows the values of the angular apertures 
of the bows observed in Tokyo: 


Jan. 30, 1914, 


Feb. 17, 1914, 
10:25 a. m. 9:44 a. m. 


| 
| Jan. 30, 1914 
Date. 50a.m. 


S88 - 


42 36 
38 51 39 53 
2 43 


Maxwell left two questions unsolved, one of which was 
why are the angular apertures of the horizontal bow 


8 Mazwell. Ona bow seen on the surface of ice. Edinb. - $0C. proc., v. 7; also 
Scientific Papers, II, p. 160. 
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smaller than those of the ordinary bow; the other ques- 
tion was that how a drop of water can lie upon ice with- 
out wetting it and losing its shape altogether. In the 
light of the modern science these two questions seem to 
be clearly answered, as shown in the text of the present 
paper, taking the following facts into consideration: 
xirst, the water drops are very small ones, and, sec- 
ond, they float in the thin stratum of air in contact 
with the ice surface but [they do] not lie on the surface. 
According to the diffraction theory of the rainbow, the 
angular aperture of the bow becomes small when the drop- 
lets producing the bow are very small. In many cases 
they are invisibly small. That the droplets are floating 
in air, but not lying on the surface of ice or water, can 
easily be seen from the fact that the bow appears on the 
water surface as well as on the ice surface, and also that 
it occurs always on calm and bright mornings in the cold 
season. The following fact also supports the idea: On 
the morning of March 17 we observed a horizontal bow in 
the moat of our observatory. At about 9:20 a. m. we 
saw wind that came over the water surface from the 
west. The bow became faint when the head of ripples 
arrived at the bow, and gradually it vanished away as 
the wind became stronger. 

k'rom early times people in Suwa have been well ac- 
quaimted with the phenomenon. They call the phe- 
nomenon ‘‘Ohikari ’”’ which means literally a holy shine, 
and take it to be a foretoken of the coming change of the 
weather. Indeed, many times when we observed a hori- 
zontal rainbow in the moat of this observatory we expe- 
rienced rain or storm one or two days after. The reason 
of this, in my opinion, must be as follows: On the Pacific 
side of Japan the weather in winter is generally clear and 
the northwesterly monsoon prevails every day. On the 
appearing of a cyclone in the west the monsoon is dis- 
turbed by the easterly or southeasterly winds flowing 
into the cyclonic center. Hence there then prevails a 
calm. Considering the atmospheric pressure, this calm 
corresponds to the high pressure over Japan, which is 
followed by a cyclone. Such a calm is always favorable 
for the formation of a horizontal rainbow. Thus the 
calm, as well as the horizontal rainbow, are in many cases 
the foretokens of the coming cyclone. 


OBSERVATIONS OF HORIZONTAL RAINBOWS.' 


By Katsus1 NAKAMURA. 
[Dated Central Meteorological Observatory, Tokyo.] 


The author of the present note had favorable oppor- 
tunities of observing the horizontal rainbow in the moat 
near the entrance of Central Meteorological Observatory, 
which is situated in the compound of the old castle of 
Tokyo. The following lines contain short descriptions 
of the phenomena and of the weather conditions that 
then prevailed: 

1. Horizontal rainbow on January 30, 1914.—On the 
morning of January 30, 1914, a greater part of the surface 
of the moat was covered with a thin coating of ice. The 
sky was cloudless, and the air was so calm that we 
scarcely felt even the quivering of the leaves of trees and 
grasses. We observed the rainbow from 9:30 a. m. until 
10:40 a. m. before the ice began to melt. 

When we stood at A (a point on the bridge) in figure 1, 
turning our back to the sun, we saw the rainbow on the 


1 Reprinted from Jour. met’l soc., Japan, Tokyo. 33rd year. June, 1914, pp. 25-28. 
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left and downward as at DH, but its colors were not 
distinct. Then as we moved from A toward B,C, ... 
the far side of the rainbow appeared to shift from D 
toward R and E, .. . and its colors gradually became 
vivid. 

As seen from F, a point higher than A, B, M, C, ete., 
we also saw the rainbow toward KF, but its colors were 
not so distinct as when seen from the other places, A, B, 
etc. At G, one of the highest places, we saw that the bow 
was lying toward LG, its color becoming fainter. But 
when standing at O, a point having an equal height with 
G, we could not see the bow. 

From what we have stated above we see that G is one 
of the limits of visibility of the rainbow on this morning. 


° 


Fic. 1.—Plan of moat of Central Meteorological Observatory, Tokyo. 


On the ice surface the rainbow was more clearly visible 
than on the water. 

We give here the widths of the rainbow that Dr. 5. 
Fujiwhara observed with a sextant: 


9:50 a. m.: ’ | 10:25 a. m.: 


Of course these values are rough approximations. 

2. The rainbow observed on February 17, 1914.—-On 
this morning upper clouds thinly covered the sun and the 
sky and it was so calm that it grew rather hazy all around 
and there was no ice in the moat. 

We observed the rainbow, on this morning also, at the 
same places, A, B, M, C, etc., in figure 1. Its color as 
seen from B was more vivid than when seen from A, and 
clearer as seen from M than from B. When seen from 
C it was not so clear as when seen from M, that is to say, 
from M the bow was clearer than from other points and 
the color became thin by standing away from the place 
M. Besides this, even on the same zone MR, the color of 
the bow at R was very clear and became gradually faint 
toward M. 

We give here the results of Dr. Fujiwhara’s measure- 
ments: 


9:44 a.m 
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At 10:30 a. m. the sun’s altitude was about 34° 30’. From inquiries made by Prof. J. Warren Smith at 
The results of the meteorological observations made on Columbus, it appears that in Ohio several persons ob- 
these mornings in Tokyo are as follows: served brilliant and persistent halos on the Ist and 2d, 


Atmospheric condition on January 30 and February 17, 1914. 
January 30, 1914. 


Elements. Noon, 
(pet 90 85 85 87 80 82 70 65 53 51 44 

February 17, 1914. 

Elements. | Noon. 
766.4 | 766.4 | 766.2 | 766.2| 766.7 | 766.5 | 766.6 | 766.7 | 766.7 | 766.4) 766.1 765. 5 
de» 2.4 2.6 2.8 2.1 0.6) —0.4] —0.2 3.0 5.2 7.9 11.6 11.2 
y (Her COME). 98 96 98 96 95 95 94 79 67 60 
5.3 5.4 5.4 5.2 4.6 4.2 4.3 5.3 5.2 5.3 6.1 6.2 
NE. NE. N. N. N. N. N. N. N. NNW. | NNW. 
1.5 1.5 11 1.3 1.3 1.3 1.3 0.8 1.5 0.8 1.8 2.8 


In the above tables the air pressure is not reduced to sea level, but only to freezing point. 


3. Horizontal rainbow on March 17, 1914.—On this 
morning the sky was so clear that we observed not a 
single speck of clouds and the air was comparatively 
calm. At the surface of the same moat we Gheerved a 
horizontal rainbow from 8:30 a. m. until 9:20 a.m. But 
on account of ripples on the surface of the moat we could 
observe no more after 9:20 a. m. 

In the narrower part of the moat, which was nearer to 
[it ?] the north side of the bow was very distinctly visible. 
We could not measure the width of the bow with much 
accuracy, but the value estimated was about 3°. 

In conclusion, the author wishes to express his hearty 
thanks to Dr. T. Okada for his kind guidance. 


THE HALOS OF NOVEMBER 1 AND 2, 1913. 
By Dr. Louis Besson. 


[Dated: Observatoire de Montsouris, Paris, April 21, 1914. Translated by C. Fitzhugh 
Talman, Professor of Meteorology.] 

Some remarkable optical phenomena of the class of 
halos and parhelia were seen in the eastern half of the 
United States on November 1 and 2, 1913. On the Ist, 
there was observed at many places the halo of 22° radius, 
in some cases brilliant and accompanied by the parhelia 
pertaining to it, but the phenomenon appears to have 
attained abnormal complexity only in a rather limited 
region, comprising southwestern Missouri and extreme 
northeastern Arkansas. At Springfield, Mo., accordin 
to Mr. J. S. Hazen, Local Forecaster, ‘‘this unusual ed 
remarkable phenomenon excited a great deal of interest 
and comment among all classes and the office had more 
than a hundred calls during the day concerning the 
phenomenon.” 

The following day, optical phenomena no less remark- 
able, and of a very similar aspect, were again observed, 
but this time at a great distance to the eastward, in the 
states of Virginia, West Virginia, and Maryland. In a 
letter to the editor of the Scientific American, Dr. E.C. L. 
Miller, of the University College of Medicine at Richmond 
Va., says that the phenomenon was very complex an 
striking at that place. It was doubtless equally so, he 
adds, ‘‘in a considerable area, for several inquiries were 
received by the railway companies from their station 
agents out on their lines as to the cause of the phenomena.” 


as well as parhelia and other less common appearances 
but that the phenomenon was less generally observe 
and probably less well developed in that region. 


METEOROLOGICAL CONDITIONS ACCOMPANYING THE 
PHENOMENA. 


Brilliant halos often precede or accompany atmos- 
pheric disturbances. Those of November 1 and 2, how- 
ever, were produced under typically anticyclonic con- 
ditions, and were not followed Wy bad weather. A center 
of high pressure was over Iowa on October 31, over 
Indiana, November 1, and over West Virginia, Nov- 
ember 2. Not much information is at hand in regard 
to the movement of the ice clouds in which the optical 
phenomena were produced. At Springfield, at 10:30 
a. m. of the Ist, the clouds were of the cirro-stratus type, 
and were moving from the northwest. At 11:30 their 
appearance was that of alto-stratus, moving from the 
west, and about 3 p. m. they became stratus, from the 
same direction. This progressive descent of the clouds 
leads Mr. Hazen to say that ‘‘the downward movement 
of the ice particles, from which the halo resulted, was 
evidently large,” and that “it is hyper true that ice 

articles, which may result in halos, have a greater or 
ess downward movement, and it is sugges that the 
more complex forms of halo may be due to large ice 
particles and consequently greater downward movement 
or velocity.” This opinion is entirely in accord with 
that which I expressed in 1909 in my thesis ‘‘Sur la 
théorie des halos,”*in consequence of a large number of 
similar observations. 


HALOS OF NOVEMBER l. 


Mr. J. S. Hazen, Local Forecaster, Weather Bureau, 
has furnished a detailed description and a drawing of the 
phenomenon observed at Springfield, Mo. This drawing, 
reproduced in figure 1, is a combination of three different 
sketches made during the rather long duration of the halo; 
it does not, therefore, relate to a definite time and eleva- 
tion of the sun. The part of the phenomenon which at- 
tracted most attention was a wide ring, A, half a degree 


1 Annales de l’observatoire de Montsouris, 1909, 10: 161, 
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in width, passing through the sun and running around 
the sky parallel to the horizon (parhelic circle). This 
was visible from lla.m.tolp.m. At times, about noon, 
“portions of this circle shone out with dazzling white 
light, from an apparently clear sky.’ Around the sun 
were seen the halo of 22°, H, and the circumscribed 
halo, ), both complete, colored, and “of unusual bril- 
liance.”’ The halo H is in reality a circle, and the halo D 
a sort of ellipse, but, in consequence of an illusion, of 
which many instances have been recorded, they were mis- 
taken for two intersecting circles, as shown in the drawing. 
Mr. Hazen notes a remarkable extension of the prismatic 
colors at a and 6, inside the space bounded by dotted 
lines in the drawing. Besides the circumscribed halo, a 
second colored arc, G, was tangent to the halo of 22° at 
its lowest point. The parhelia, P, P, described as brilliant, 
are shown in the drawing outside the circumscribed halo; 
normally they should have been inside, since the altitude 
of the sun did not exceed 32° 24’. A white light-pillar, EZ, 
marked the vertical diameter of the halo of 22°. The 
upper half of the halo of 46°, C, was visible. The parhelic 


circle showed, at x, y, 2, spots of greater illumination, of 


which the first, z, was the anthelion, and the other two, 
y and z, were paranthelia, which the drawing places 
45° in azimuth from the anthelion. One might assume 
these to be the ordinary paranthelia, the vertical distance 
of which from the anthelion is 60°, but in that case the 
small ares which pass through them, and which appear to 
belong to a circle having its center at the anthelion, would 
constitute something entirely new. From the anthelion 
proceeded two white arcs, B, B, directed obliquely toward 
the region of the sun. This is a rare ad interesti 

appearance, known under the name of “oblique arcs o 

e anthelion.”” We shall return to this subject later. 

In reply to a request for further information, the ob- 
server states that “‘the spots, z, y, z, were not distinctive 
in their characteristics and had more the appearance of a 
diffused tail to a comet than a distinct are of a circle, 
though it was assumed at the time that there were prob- 
ably such ares at y and z, and a convex segment at z. 
There was a faint suggestion of color, through smoked 
glasses, at y and z, but none at z.’’ The arcs, B, B, “were 
not observed until about noon and only for a short time.” 
In his description of the phenomenon, Mr. Hazen speaks 
of a “white spot in the southwest”’ which is not shown in 
the drawing. 

At Galena, Mo., the phenomenon was visible between 
11 a. m. and noon, and Mr. H. McGrew made a drawing 
of it, which has been forwarded by Mr. Hazen. There 
is here seen (fig. 2) the halo of 22°, with a bright spot at 
the top; the parhelic circle ending at the halo; the two 
ordinary parhelia (which are shown in the drawing in the 
circumference of the halo, from which they should have 
been 3 to 5 degrees distant); two paranthelia, 39° from 
the anthelion, which is here only shown as the point of 
intersection of two oblique arcs, shorter than those seen 
at Springfield; finally, traces of a vertical light-pillar 
inside the halo of 22°. Elevation of the sun, 37° to 39°. 

At Bentonville, Ark., according to Mr. Parker, Assistant 
Observer, U. S. Weather Bureau, the phenomenon was 
visible from 8 a. m. to 11 a.m. It was “almost exactly 
the same as seen at Danzig in 1661, excepting that there 
was no trace of a mock sun at the western extremity of 
the horizontal circle.’ (This refers, no doubt, to the 
anthelion.) ‘At times the horizontal circle was complete, 
but mostly portions of it were obscured by thin clouds. 
The upper arc above the sun was remarkably bright.”’ 
Mr. Parker’s sketch, reproduced in — 3, is intended to 
represent the appearance of the phenomenon at 10:30 
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a.m., but I think that certain particulars were really seen 
earlier, and no longer existed at that time. Thus the very 
brilliant tangent arc, at the summit of the halo of 46°, can 
hardly be other than the circumzenithal arc, the appear- 
ance of which is normally impossible when the sun is 35° 
above the horizon, which was its altitude at 10:30 a. m. 
The paranthelia are situated in their theoretical positions, 
120° from the sun on the parhelic circle. The western 
one, which was not obscured by lower clouds, was brilliant. 
Both of them are crossed by ares which, in my opinion, 
very probably belong to the halo of 90°, known as the 
“halo of Hevelius.’”’ In fact, with a solar elevation of 
35°, the halo of 90° radius cuts the parhelic circle almost 
exactly at 120° from the sun. Lastly, there are seen in 
the drawing parhelia of 46°, described as “bright,” and 
shown exactly on the corresponding halo. 

At Bentonville, Mr. E. H. Jacobs made, apparently 
with great care, four drawings of the phenomenon; viz, 
at 8 a. m., between 8:30 and 9 a. m., at 9:30 a. m., and 
at 11:30 a. m. Solar elevations: 14°, 19° to 24°, 28°, 
and 39°. In two of these drawings (figs. 4 and 6) are 
seen the parhelia of 46° without the corresponding halo, 
an interesting observation, confirming the real and inde- 
pendent existence of these parhelia, which has long been 
a matter of doubt. Between 8:30 and 9 a. m., with solar 
elevation between 19° and 24°, the halo of 46° was visible. 
In the drawing (fig. 5) it passes exactly through the par- 
helia. At the summit of this same halo is seen the cir- 
cumzenithal arc, the red portion of which is shown in 
coincidence with the blue of the halo? This lack of tan- 
gency of the bands of corresponding color in the two 
luminous arcs is real, and increases in proportion as the 
sun moves away, either upward or downward, from the 
altitude of 22°, at which there is exact tangency between 
the arcs. With a solar elevation of from 19° to 24°, the 
maximum departure from tangency is only 0° 19’, and 
would be quite difficult to observe. The first two draw- 
ings show in the southwest, 90° from the sun in azimuth, 

arhelia crossed by an are of the halo of Hevelius, the 

alo being described as ‘‘white and bright.”” On the last 
drawing (fig. 7), made at 11:30 a. m., are seen only, in 
the north, an are of the parhelic circle, and, 13° (%) 
below, a parallel arc, ‘‘very dim,” which is doubtless to 
be classed among the phenomena which Bravais has 
termed ‘‘extraordinary parhelic circles.” 

At Neosho, Mo., between 8:30 and 10 a. m., Mr. H. G. 
Geyer observed the halo of 22° and its upper tangent arc, 
both brilliantly colored, the ordinary parhelia, an incom- 
plete parhelic circle, a ‘‘dog” in the north on this circle, 
‘‘at right angles to the sun”’ (paranthelion of 90°), and 
‘in the west another bright spot, which would be on a 
continuation of the bright streak’’ (probably the anthe- 
lion); finally, ‘‘nearly overhead, an are of about 30°” 
(doubtless the circumzenithal arc, or the upper part of 
the halo of 46°). 


HALOS OF NOVEMBER 2. 


Dr. E. C. L. Miller observed the phenomenon at Rich- 
mond, Va., where it was particularly well developed. He 
furnished to the Scientific American a careful drawi 
(fig. 8) and a good description, as follows: ‘‘I first notice 
the phenomena about noon and they remained visible 
several hours. The most marked object was a large circle 
about 30-degrees above and concentric with the horizon. 
It was white and about the width of the full moon. On 
this circle there were four bright chromatic nodes marked 


? The original drawing is tinted to show this. 
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Fig, 1.—Composite drawing of halos observed at Springfield, Mo., Nov. 1, 1913,by J. 8. 
Hazen. (No definite time or solar altitude. ) 


2.—Halo seen at Galena, Mo., Nov. 1, 1913, by H. McGrew. (Time: 11 a. m. to 
noon; solar altitude: 37°-39°.) 


Fic. 3.—Halo seen at Bentonville, Ark., by Orin Parker on Nov. 1, 1913. (Time: 10:30 Fig. 4.--Halo seen by E. H. Jacobs at Bentonville, Ark., Nov. 1,1913. (Time: 8 a. m.) 
a. m. [?].) 
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Fic. 5.—Later stage of figure 4 (8:20-9 a. m.). 


To face p. 432. 


Fig. 7.—Later stage of figure 4 (11:30 a. m.). 


Fic. 8.—Halo observed at Richmond, Va., on Novy. 2, 1913, from noon onward for several 
hours, by Dr. E. C. L. Miller. (Redrawn from “Scientific American.’’) 
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on the accompanying drawing a, b, c,d. About the sun 
there was a marked but not unusual halo strongly chro- 
matic at the point e, and gradually fading away toward 
each side as hows. There was a second concentric circle 
at f also chromatic. From the point e tangents extended 
out on each side as shown. Perhaps the most unusual 
art of the picture were che lines 1g and ih. They were 
white, about the same width as the large circle and very 
clearly seen from i to g and h. Beyond g and h they 
became very faint but seemed to curve in to the point e 
as shown. On the attached sketch s represents the sun 
and o the zenith * *, 
“x %* * The day was beautiful, an ideal autumn day; 
cool and clear with a slight haze in the air and a bit of 
herring-bone effect in the sky at times. There were no 


clouds except very low down and the geometrical designs. 


traced in the sky were very striking. With some crude 
instruments Dr. Hopkins and I measured the angles as 
best we could and the drawing is fairly accurate.” 

In this drawing we recognize the halo of 22° and its 
upper tangent arc; ordinary parhelia, a, d, a little outside 
the halo, which is according to rule; the upper part of a 
halo of 46°, f; the parhelic circle, with the paranthelia 
of 120°, b, ¢, Rowe within a degree or so of their theo- 
retical position; and, finally, a pair of oblique arcs of 
the nation, ig and ih, which seem to come together 

ain at the summit of the halo of 22°. No anthelion. 

At the Local Office of the Weather Bureau in Rich- 
mond, Mr. E. A. Evans, Section Director, observed only 
the parhelic circle, the ordinary parhelia with lateral por- 
tions of the halo of 22°, and paranthelia (of 120° ?), which 
appear to have been crossed by arcs presenting ‘‘faint 
intermittent red to blue colors” and whose center would 
appear, from the observer’s sketch, to be on the side of 
the sky opposite the sun. This would be somewhat anal- 
—_ to what was observed the previous day at Spring- 
field. 

Six miles north of Richmond, Dr. E. G. Williams made 
a sketch of the phenomenon at 1:15 p. m., in which are 
seen the halo of 22°, the ordinary parhelia, the parhelic 
circle, and, in the north, on this circle, two spots of white 
light. From the more easterly of these radiate upward 
two almost straight streaks of light, marked “rainbow.” 
These might perhaps have been the anthelion with its 
oblique ares, the positions of which in the sky not havin 
been very accurately estimated. In this case, the secon 
spot of ight would be the western paranthelion of 120°, 
which might have been the only one visible. According 
to this hypothesis, which appears to me to be the most 
Degas the oblique ares of the anthelion must have 


een colored, if this interpretation may be drawn from 


term “‘rainbow,”’ by which the observer describes them. 

At Warrenton, Va., according to Miss Isabel Gaskins, 
the halo was not so completely developed. She observed 
only the halo of 22°, with a short upper tangent arc;_the 
upper quarter of the halo of 46°, and the circumzenithal 
arc, both of the latter very brilliant; the ordinary parhelia; 
and, lastly, part of the parhelic circle, commencing at the 
western parhelion and terminating in the east by a “‘sun 
dog”’ of 120°). 

t Dale Enterprise, Va., Mr. L. J. Heatwole mado the 
sketch of the phenomenon shown in figure 9. The 
largest of the three circles, central at the sun, is undoubt- 
edly the halo of 46°. The two others appear to be the 
limits of the halo of 22°, which must have appeared very 
broad. The elliptical appendages of the intermediate 
circle were probably verbal "The oblique arcs of the 
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anthelion are shown in the form of an ellipse, appearing 
to have its second vertex about at the upper point of the 
halo of 22°. These arcs were “light a ow,” while the 
parhelic circle was “snowy white.”’ Mr. Heatwole also 
sends a cutting from the Pendleton Times of Franklin, 
W. Va., containing a description of the same phenomenon, 
observed about noon. In this description we note the 
following passage, according to which the oblique ares 
came together at the sun: “Inside this circle” (the par- 
helic circle) ‘was a pointed elliptic figure, tortaalk by 
similar white clouds, with the sun as its starting point, 
— inside and to the northern rim of the large 
circle.” 

. At Philippi, W. Va., Prof. J. D. Dadisman saw halos of 
22° and 46°, with their parhelia, and the complete parhelic 
circle; also, or the sun, a sort of rainbow with 
paranthelia at the point where it met the parhelic circle; 
a tanget arc exterior to the latter at the position of the 
‘anthelion (oblique arcs of the anthelion ?); and, lastly, a 
‘broad, pale straight line of light” crossing the sky from 
east to west and passing through the zenith. 

At Elkins, W. Va., the aspect of the phenomenon, 
opposite the sun, — to have been the same. Mr. 

owell, Assistant Observer, Weather Bureau, observed, 
from 12:05 to 12:58 p. m., the parhelic circle “of bright 
color, cirrus clouds, brightest opposite the 
sun. * * * Mock suns were observed in the north- 
east and in the northwest, where the arc of a secondary 
halo intersected the primary one. * * * The arc 
of the secondary ring was less bright than the primary 
ring, and rainbow tints were not observed.” 

t Staunton, Va., the phenomenon presented a rather 
different aspect. Mr. J.C. Darnall made a drawing of it, 
in colors, at 1 p. m.; this is reproduced schematically in 
figure 10, where h is the halo of 22°; ¢, the parhelic circle, 
represented as prismatically colored (%); p, a parhelion 
of 22°; p’, another colore Serge (of 46°%); A, the 
infralateral are of the halo of 46°, which was brilliantly 
colored. 

At Baltimore, Md., the same infralateral are was visible 
from 2 to 4 o’clock, and was very bright. Generally 
taken for a rainbow, it was widely noticed by the people, 
while the other parts of the halo passed unobserved. 
At Takoma Park, Md., Mr. L. M. Mooers, Cooperative 
Observer, saw only the parhelia, the summit of the halo 
of 22°, also in the form of a parhelion, and fragments of 
the halo of 46°. 

At Braehead, near Fredericksburg, Va., according to a 
sketch made at 2 o’clock or a little later, by Mr. S. G. 
Howison, the phenomenon included the halo of 22°, the 
ordinary parhelia, the halo of 46°, the circumzenithal arc, 
and a luminous cross limited by the halo of 22°. 

At Washington, D. C., Mr. W. E. Hurd, assistant at 
the observatory of the Weather Bureau, observed, at 4 
p. m., the same phenomena, without the cross, but with 
the upper tangent are of the halo of 22°. Prior to 4 
p. nie only the ordinary halo and the parhelia had been 
visible. 


BRIEF EXPLANATION OF THE OBSERVED PHENOMENA. 


The luminous phenomena that we have just described 
were produced by the reflection and refraction of light 
from the sun by lofty clouds consisting of ice crystals. 
The greater part of these phenomena can be explained in 
a detailed manner, with a high degree of certainty. For 
others the theory generally accepted is still incomplete 
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or doubtful. Lastly, certain others, very rare and ill-de- 
fined, thus far escape any precise explanation. In nearl 
all known forms of ice crystals are found faces whic 
meet at angles of 60° or 90°. The refraction of light in 
these prisms gives a maximum luminosity at 22° or 46° 
from the sun in all directions. Such is the explanation of 
the halos of 22° and of 46°. 

In order to explain the other phenomena, it is necessar 
to assume ice crystals of a particular form, oriented in a def- 
inite manner by the resistance of the air opposed to their 
fall. Ice crystals often have the form of elongated right 
hexagonal prisms. In this case they fall horizontally, as 
shown in figure 11, and we may perfectly explain the 
ordinary tangent arcs of the halo of 22°, as well as the 

circumscribed elliptical halo, 
7m" ™. by the refraction of the solar 


\ mm? \ rays which enter by a face, m', 
a and emerge by a face, m’, con- 
stituting with the former a 


prism of 60°, with horizontal 
edge. Moreover, the refraction 
of the rays which enter by a 
vertical base, a, and emerge by 
a lateral face, m, explains the infralateral arcs of the halo 
of 46° (ares F F, of fig. 1). Ifthe rays enter by a face, m, 
and emerge by a base, we have the supralateral ares, 
which appear not to have been seen on Novem ber 1 and 2. 

Other phenomena are produced by hexagonal prisms 
oriented vertically. To fulfill these conditions it is neces- 
sary that the prisms present, at one of their extremities, 
a- projecting plate, which plays the réle of a parachute. 
Among the observed forms, that represented in figure 12 
appears to be the most effective. The refraction of the 
rays which enter by a face, m, and emerge by a face, m’, 
gives rise to the ordinary parhelia of 22°. Those which 
enter by the upper face and emerge by a lateral face, m, 
produce the circumzenithal are (observed by Mr. Jacobs 

at Bentonville, fig. 5). The 

two forms of ice crystals just 

mentioned, those which we shall 
a> describe presently, and many 
others, present vertical faces. 
The simple reflection of the 
solar light on these faces gives 
us the parhelic circle. Vertical 
light-pillars passing through 
the sun are explained by mul- 
tiple reflections on laméllar 
crystals, oscillating round the 
horizontal position. 

Now we come to phenomena 
whose explanation remains hy- 
The anthelion can 

ardly be formed except by 
double reflection on faces making an angle between them 
of 90°. Figure 13 shows one of the possible modes of 
its production. For the paranthelia. of 120°, the ver- 
tical faces must form an angle of 60°, or of 120°, as 
in figure 14. No forms of ice crystals now known fur- 
nish an explanation of the white paranthelia seen at 
90° from the sun, nor of the halo of Hevelius, which is 
associated with them (observed by Mr. Jacobs at Ben- 
tonville, figs. 4 and 5). In the assemblages of prisms 
such as are shown in figures 13 and 14, the refraction of 
the rays which enter by a vertical face and emerge by 
another vertical face, making with the former an angle of 
90°, might be the cause of the parhelia of 46° (observed 
by Mr, Jacobs at Bentonville, fig. 4). In order to ex- 


Fic. 11.—Elongated right hexagonal 
prism of ice, in horizontal position. 
(Much enlarged.) 


Fic. 12.—Ice crystal consisting of 
pyramidally terminated hexag- 
onal prism attached to a tabular 
prism which acts as a parachute 
when the combination is falling 
through the air. 
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plain the extraordinary tangent arcs at the lower point 
of the halo of 22°, such as the arc GG of the Springfield 
observation, figure 1, there has been invoked, without 
much success, the refraction of rays entering by a ver- 
tical face, m (fig. 12), and emerging by the opposite face 
of the lower pyramid. We have still to discuss in some 
detail a last se of halo, which is for several reasons the 


13 


Fia. 13.—A possible combination of ice crystals which would produce the anthelion, the 
parhelia of 46°, etc. 


most interesting of all those observed on November 1 
and 2. 
The oblique arcs of the anthelion. 


This is a very rare phenomenon, and its appearance in 
the present case on two successive days over the same 
region of the globe is truly astonishing. In 1850, when 
Bravais published his memorable works on halos, only 
13 observations of this phenomenon were known. Since 
that time the number has been increased by 4, the last 
having been that observed by Brentano, at Ede, Holland, 
in 1900. Bravais proposed a very plausible and inter- 
esting explanation, as follows: Ice crystals often present 
on their faces parallel strie. The arcs in question might 
be due to the dispersion of light by strive of this nature 
occurring on the faces encountered by the rays which 
produce the anthelion. They would be arcs of small 
circles of the celestial sphere. The centers of these 
circles would remain at a constant distance from the 
zenith, but would shift in azimuth according to the alti- 


Fia. 14.—A possible combination of ice crystals which would produce the paranthelia of 
120°, parhelia of 46°, etc. 


tude of the sun. Unfortunately, the observations do 
not agree well with this theory, with respect to the tra- 
jectories of the arcs in the sky. Among the data snit- 
able for determining the trajectories, those which may 
be especially noted, are: 

1. The inclination of the ares to the horizon, or the 
angle which they make with each other at their point of 
intersection at the anthelion. 

2. The radius of curvature of the arcs. 
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Fig. 9.—Halo observed at Dale Enterprise Va. ,by Mr. L. J. Heatwole, on Nov. 2, 1913. 
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Halo observed at Staunton, Va., at 1 p. m. on Nov. 2, 1918, by J. C. Darnell. 
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3. The shortest distance of the arcs from the zenith. 

4. The position of their second point of meeting on 
the side toward the sun. 

The first element is difficult for the observer to deter- 
mine, on account of the curvature of the arcs, and should 
be interpreted with caution. The second is no less diffi- 
cult to determine, when the arcs are short. The third 
and fourth can be determined only when the arcs are of 
great length, but constitute much more definite criteria. 

Let us consider especially the last. Before 1913 the 
arcs had been observed in 7 cases prolonged as far as 
their second meeting point, which in 4 or 5 cases had 
been found to be exactly at the sun. Now, according to 


Bravais’s hypothesis, this meeting point could not coin- 


cide with the sun unless the latter were at the horizon, 
and it must have been far above the horizon in all the 
cases referred to. 

The observations made in the United States on Novem- 
ber 1 and 2, 1913, furnish some new information. From 
the drawings of Dr. Miller at Richmond, of Mr. Hazen 
at Springfield, of Mr. McGrew at Galena, and of Mr. 
Heatwole at Dale Enterprise, certain approximate 
measurements can be made, which it will be interesting 
to compare with the indications furnished by the theory. 
The solar altitude calculated from the hour of observa- 
tion was between 37° and 38° in 4 cases. 

Angle between the arcs.—Theoretical value, 101°-102°; 
Richmond, 106°; Springfield, 95°; Dale Enterprise, 180° 
(%); Galena, 47°. 

Radius of curvature.—Mr. Hazen estimates that the 
ares seen at Springfield were arcs of circles “‘of greater 
diameter than the circle parallel to the horizon.’ This 
observation is not in accordance with the theory, for the 
radius of the parhelic circle must have been 52° and that 
of the oblique ares should have been, theoretically, 45°. 

Minimum zenith distance-—Theoretical value, 15°-16°; 
Richmond, 27°; Springfield, 26°; Dale Enterprise, 20° (?). 

Zemith distance of the second meeting povnt of arcs.— 
Theoretical value, 65°; Richmond, 59°; Dale Enter- 
prise, 64° (%). 

In the drawing of Dr. Miller, of Richmond, it is noted 
that the part of the are situated on the side toward the 
sun had a greater curvature and a less intensity than the 
rest. One might inquire whether this part of the curve 
was not really an extraordinary tangent are at the 
summit of the halo of 22°, fortuitously joining the 
oblique ares and appearing to be a prolongation of them. 
On the other hand, it is noted that at Franklin, W. Va., 
these arcs appeared to meet at the sun. 

In short, it is not possible to draw very definite conclu- 
sions from these observations. It is greatly to be desired 
that whenever the oblique ares of the anthelion are again 
seen they should be subjected to exact angular measure- 
ments, and the same may be said of such other rare 

henomena as the paranthelia of 90°, the halo of Heve- 
ius,, the parhelia of 46°, ete. 


ADDITIONAL REPORTS. 


Peoria, Ill—A solar halo was observed on November 
1, 1913, about 4:25 p. m. It was the usual 22-degree 
circle without. marked brilliance or other unusual fea- 
ture, except that. the illuminated band was wider than 
usual. The ist was a clear day, with cirro-stratus mov- 
ing from slightly north of due west, appearing in the 


‘southwest and southern sky in the late afternoon and 


covering about one tenth of sky at 4:30 p. m. There 
were also a few of the same clouds near the northwest 
horizon.— M. L. Fuller, Local Forecaster. 
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Pensacola, Fla.—On November 1st a solar halo was 
observed at 9:45a.m. It was partly cloudy from 6 a. m. 
to 8 a. m., cloudy with upper clouds from 8 a. m. to 11 
a. m., partly cloudy from 11 a. m. to 12:30 p. m., then 
clear past sunset. * * * There were no unusual 
characteristics in our halo of the 1st.— Wm. F. Reed, Jr., 
Local Forecaster. 

Memphis, Tenn.—A solar halo was observed at this 
station on November 1 at 3:30 p. m. On November 2 
there was no halo observed. There is nothing recorded 
to show that there was anything unusual or remarkable 
in the appearance of the halo on the 1st.—S. C. Emery, 
Local Forecaster. 

Macon, Ga.—None [no halo] was observed here on the 
Ist, but on the 2nd the phenomenon was seen clearly. 
It was first noticed in the morning from 10:50 a. m. to 
about 11:15 a. m. Owing to partial cloudiness which 
prevailed at that time near the sun, it was only a part 
of a circle and quite faint. But in the afternoon from 
1:40 p. m. to about 3:30 p. m. it was very clear and dis- 
tinct, a perfect circle most of the time of white light, of 
about 22° radius. At about 3:30 p. m. the clouds 
became very dense and it finepened: Nothing pecul- 
iar or unusual was observed in connection with it.— 
W. A. Mitchell, Local Forecaster. 

Charleston, S. C—Bright solar halos of 22° radius were 
observed on November 1 and2. That on the Ist occurred 
from 3 p. m. to 4:30 p. m. and was bright with distinct 
narrow rim, showing the colors plainly. That on the 
2nd lasted from 9:30 a. m. to 5 p. m. and was remark- 
able for the brilliance of the primary colors, red, green, 
blue, and the distinct narrow rim. It was much brighter 
on the segment nearest the zenith and the green was 
exceptionally vivid. About 4:30 p. m. “sun dogs” were 
observed north and south of the sun but they were indis- 
tinct, being obscured somewhat by alto cumulus clouds. 
There was a faint lunar halo with no unusual character, 
istics from 6:40 to 7:50 p. m. of the 2d.—J. H. Scott, 
Local Forecaster. 

Houston, Tex.—A solar halo of 22° radius was observed 
at 1 p. m. November 1, 1913. While plainly visible, 
nothing unusual was noted. The character of the day 
was partly cloudy with 0.7 clouds.—B. Bunnemeyer, Sec- 
tion Director. 

Corpus Christi, Tex.—There was only one solar halo 
observed at this station. It was first noticed at 12:50 
p- m., 90th meridian time, of [November 1]. Forming 
an uninterrupted circle of no more than 15° radius 
around the sun, the halo was well defined in colors. No 
other section of the halo was discovered. A thin layer 
of alto-stratus clouds covered the sky near the sun at 
the time. The halo faded away about 2 p. m.—W. F. 
Lehman, Observer. 

Augusta, Ga.—On [November 2] the sky was cloud 
with cirro-stratus clouds throughout the day and a well- 
defined solar halo was observed late in the afternoon. 
There was, however, nothing remarkable or unusual 
about this halo—E. D. Emigh, Local Forecaster. 

Washington, D. C_—At about 3 p. m. of [November 2] 
at my home in Washington, D. C., I observed a very 
brilliant solar halo consisting of the usual circle of about 
22° radius, a white horizontal band passing through the 
sun, and brilliant parhelia where this band cut the 22- 
degree circle on either side of the sun. * * * It was 
the most perfect solar halo I had ever observed. So far 
as I can remember, it is the first halo in which I have 
observed the white horizontal band distinctly.—Herbert 
H. Kimball, Professor of Meteorology. 
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Columbus, Ohio.—No halo was observed at this station 
and we find no report of i: in the file of the local papers.— 
J. Warren Smith, of Meteorology. 

[In reply to a circular letter sent by Prof. Smith to the 
Weather Bureau coéperative observers in Ohio, reports 
were received of the appearance of solar or lunar halos, 
for the most part inconspicuous, on or about the dates 
in question at a number of places in the eastern half of 
the State.] 

Fort Smith, Ark.—Mr. L. J. Guthrie, Local Forecas- 
ter, sends a drawing of a halo seen on October 31, con- 
— of the circumzenithal are and the two parhelia 
of 46°. 


THE DIFFERENT FORMS OF HALOS AND THEIR 
OBSERVATION.' 


By Louis Bresson, Observatoire de Montsouris. 


[Translated by Cleveland Abbe, jr., May-June, 1914.) 
INTRODUCTION. 


Halos are optical meteors produced by the light of the 
sun or of the-moon, in clouds composed of ice crystals. 
They consist of curves or of luminous foci, either white 
or tinted with prismatic colors. The remarkable bril- 
liancy they may attain, the extreme variety of their 
forms, and the somewhat fantastic character of their 
appearance, make their observance and study most 
interesting. For these reasons numbers of astrono- 
mers and physicists have paid particular attention to 
them at different times. We owe memorable descrip- 
tions of halos to Hevelius. Tycho Brahe observed 
them carefully at Uraniaborg for 16 years. Among the 
chief we may mention Huyghens, Mariotte, Fraunhofer, 
Young, Venturi, Galle, as having studied this class of 
phenomena and labored more or less successfully to 
establish a theory of them. The theory was, however, 
still quite imperfect when Bravais took it up toward the 
middle of the last century. In a masterly memoir he 
so far perfected and completed the theory that he seemed 
to have indeed succeeded in quite satisfactorily explain- 
ing all the known forms of halos. 

In fact, even today the theory cannot be regarded as 
other than a more or less probable hypothesis for a very 
large number of the forms, because existing observa- 
tions are generally far too few and too inexact to fur- 
nish a satisfactory check on the results of computation. 
This is why the Austrian physicist Pernter, in his recent 
treatise on suibonddlieahinkantiin, could plausibly reject 
the Bravais theory relating to three kinds of tangent 
arcs of the 46°-halo, and substitute another theory 
which gives:‘them quite different forms. 

On the other hand, there is a whole class of extremely 
rare halos which have been observed but once or twice 
and remain wholly enigmatical. Not only is_ their 
explanation still imperfect, but it will be a long time 
before we shall have a complete list of their forms. We 
still have rather frequent reports of combinations and 
forms that have never been reported during the centuries 
that have past, and it may be supposed that many un- 
known forms still await observation. 

Halos will, therefore, long offer a fertile field of investi- 
gation. Observers should be made aware of this fact in 
order that a larger number of persons may turn to this 


1 Besson, Louis, Les différentes formes de halos et leur observation. Extrait du Bul- 
letin de la Société astronomique de France (mars, avril et mai 1911). Also published 
separately Paris. [19117] 22p., 20 figs. 8°. 
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field of study. In fact our knowledge of halos can not 
advance at all rapidly unless numerous persons located 
at many points on the globe shall observe them. No 
individual observer, however vigilant throughout his 
life, can see more than a fraction of the total possible 
forms of halos. The well-known French meteorologist 
Renou watched ceaselessly for halos during more than 
half a century, nevertheless he never saw the oblique 
ares of the anthelion, nor the halo of Hevelius, nor the 
paranthelia of 90°, not to mention many another rarer 
phenomenon. 

From time to time every assiduous observer will find 
his pains rewarded by his being the first to make some 
angular measurement or some important discovery; but 
he will never be able to elucidate more than a portion. of 
the subject by means of his own unaided observations. 
On the other hand, if there are numerous observers in 
each country paying intelligent heed to the halos occur- 
ring, there can be no doubt that in a few years many 
uncertainties and gaps will disappear from the theory of 
these phenomena. Indeed many of their forms, though 
extremely rare at any given place, probably occur often 
enough at one place or another upon the earth. * * * 

As a matter of fact, the observations on halos pub- 
lished in scientific works are quite inadequate, both as 
regards quantity and quality. The majority of them 
are quite devoid of interest since they pertain to pheno- 
mena which the observer thought extraordinary, but 
were really nothing other than more or less _ brilliant 
manifestations of known phenomena. Sometimes there 
are among the described forms, curves whose form is not 
vet well defined or that appear to be new ones. Un- 
fortunately the descriptions of those portions of the 
phenomenon whose identity is undoubted almost always 
reveal such inaccuracies that they greatly weaken our 
confidence in the observer’s other descriptions. 

In most cases the observer is a man of science. Often, 
indeed, he is skilled in the most delicate measurements of 
— or of astronomy. If his observation is bad or 
1as not the value that should attach to it, the reason is 
that he was not familiar with this very special class of 
phenomena. One observes but poorly that with which 
one is unacquainted. 

Here as in everything else, if one is to do useful work 
in studying halos it is indispensable that one shall be well 
acquainted with them and practiced in observing them. 
Galen one may profit by lessons from an experienced 
observer for some little time, it is not easy to acquire 
this practical knowledge. True, various works on 
meteorology or on general physics present more or less 
complete lists of halo forms, and a more or less detailed 
exposition of their theory. None of these sources, 
however, offer the beginner that practical guidance 
which would help him to seize in transit, so to speak, 
these generally fugitive phenomena, and to recognize 
their often incom lete or indistinct forms. * * * 

Having pointed out the insufficiency of halo observa- 
tions and the advantage of multiplying and improvin 
them, it is now in order that I densi facilitate the tas 
of persons disposed to undertake observations and should 
inleste to those already engaged points to which they 
should particularly direct their attention. 


What are halos? 


We shall now pass in review the various known forms 
of halos, beginning with those of most frequent occur- 
rence and the easiest to perceive. 


| 
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In the first place, it is necessary to clearly distinguish 
between halos and the diffraction coronas that are 
frequently seen about the moon. The latter may be 
recognized by the fact that they are in direct contact 
with the luminary while in the case of a halo the colored 
ring is separated from the luminary by a relatively dark 
space whose radius is very rarely less than 22°. 


ORDINARY HALO OF 22°. 


The halo of 22° is the commonest of all forms (a, Fig. 1). 
At Paris this halo may be seen about the sun on an 
average of 130 days per annum, to which must be added 
at least 40 lunar halos of the same class. When the 
luminary is high in the sky the halo is often perfect, 


Zenith 


Fig. 1.—Perspective view of the sky, showing the sun (8); ordinary halo of 22° (a); 
t halo of 46° (b); upper tangent arc of the halo of 22° (c); lower tangent arc of the 

o of 22° (d); ordinary parhelia of 22° (e, e’); Lowitz arcs (f, f’); parhelia of 46° 

(g, g’); cireumzenithal arc yy infralateral tangent arcs of the halo of 46° (i); the 
parhelic circle (m); a paranthelion of 90° (q); plane of the horizon; the observer (O). 


but generally it ee as more or less extensive frag- 
ments of varying distinctness. 

In spite of its frequency an inexperienced observer 
may find some difficulty in seeing it for the first time. 
The most favorable moments are those when the sky is 
covered with a transparent cirro-stratus veil. The obser- 
ver, supplied with smoked glasses, places himself so that 
the sun and its immediate vicinity is hidden by a corner 
of a roof or some other screening object. Thus shielded 
from the blinding light, he examines the sky at a distance 
of 22° from the sun. He is quite likely to perceive 
there a circle, or rather a luminous ring having the 
luminary at its center. This ring is colored like the 
rainbow, but the colors are ones less pure. At the 
inner margin, the only one that is sharply defined, one 
may distinguish the red, to which succeed outward 
orange, yellow, sometimes green, and finally a slightly 
violet-white tint which may extend out several degrees 
from the inner margin gradually fading away. When the 
phenomenon is less brilliant one sees scarcely more than 
a whitish ring with a reddish tinge along its inner margin. 
This is almost always the case with the lunar halos. 
Within the ring the sky is relatively dark. 

The halo of 22° presents little of interest in optics, but 
its observation forms the best of preparation for that of 
the other forms of halos. The observer should practice 
observing it even when it is only present in its most rudi- 
mentary forms. When he has grown familiar with the 
phenomenon he will find that most of the detached cirri 
which pass at a favorable distance from the sun, form 
more or less distinct fragments of this halo. 
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This halo furnishes material for interesting statistics. 
First with reference to the annual variation in its fre- 
quency. The latter presents a marked maximum in 
spring in France, England, Scandinavia, Germany, Rus- 
sia, Siberia, Japan, New York, and over the North At- 
lantic Ocean. On the other hand at Melbourne the 
largest number of halos is observed in November and 
December. It would be desirable to extend this research 
to other portions of the globe, particularly to the South- 
ern Hemisphere and the Equatorial regions. 

Equal interest attaches to the study of the annual 
variation in the relation of halo a to the fre- 
quency of cirrus or cirro-stratus, a relation that would 
measure the aptitude of these clouds to produce the halo. 
So far this relation has been determined for Paris (2) only, 


Zenith 


Fia. 2.—Perspective view of the sky, showing the observer (0); his horizon, and his 
meridian (O S zenith, n); the parhelic circle (m); ord paranthelia of 120° (); 
, Sor of 90° (q’); the oblique ares of the anthelion (r, r’); and the anthe- 

n). 


where there is a very pronounced maximum [0.48] in 
April and a much weaker one [0.32] in October. 

Finally it may be pointed out that in certain regions 
of the globe, the annual number of days with halo seems 
to show a variation that is either parallel with or in- 
versely as the variation in sun spots. In other regions 
no relation has been found between the two phenomena 
(3). Itis unfortunate that existing series of good obser- 
vations on halos are too few and too short to permit us 
to verify or to determine as precisely as is desirable this 
interesting result. 


ORDINARY PARHELIA OF 22°. 


Parhelia are luminous spots appearing to the right 
and left of the sun and at the same altitude as the latter. 
(Fig. 1, e, e’, g, g’.) When they are produced by the 
moon they are called paraselene. Their distance from 
the luminary, measured along an arc of a great circle, is 
22° when on the horizon and increases steadily with the 
altitude of the source of light. Consequently if the ordi- 
nary halo of 22° is also visible the parhelia are located 
on its circumference when the sun rises or sets, and they 
stand farther and farther without the halo as the sun 
approaches the zenith. The halo and the parhélia are 
distinctly separated, however, only after the sun has 
reached an altitude of 25° or 30°. (See fig. 1, e and e’.) 

The colors of parhelia are more distinct and purer than 
are those of halos. They are arranged in the same order 
as in the latter. The blue is often very pronounced; in 
fine parhelia it is followed by a violet-tinged white, then 
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by a pure white forming a horizontal band which may 
attain a length of 20°. "This latter is the tail of the par- 
helion (see fig. 17). 

When the parhelia are less brilliant they generally 
assume the appearance of rounded spots somewhat larger 
than the sun, whitish in color with a more or less reddish 
tinge on the side toward the sun and greenish on the 
opposite side. 

hen near the horizon the parhelia are frequently 
elongated vertically. When thus distorted they have 
some times been compared to fragments of a rainbow. 
One may then be uncertain whether he has to do with a 
parhelion or with a limited arc of the halo of 22°. To 
ascertain this it is necessary to observe whether the 
luminous are shifts with the cloud which causes it, so 
as to form successively different portions of the halo, 
or whether it remains fixed at the altitude of the sun. 
In the latter case only, must the phenomenon be classed 
as a parhelion. 
en the sun is high the parhelia sometimes take on 
a hooked form, the parhelion on the right then has a 
shape perfectly comparable with that of the acute 
accent a and the left-hand one is like the grave accent. 
The appearance of the arcs of Lowitz (see below) should 
then be watched for. (See fig. 1, f and f’.) 

Theoretically the brilliancy of the parhelia should di- 
minish, other things being equal, as the sun’s altitude 
increases, and becomes rihaily zero when the latter 
amounts to 60°. 
appear some time before this, when the solar altitude is 
50° or51°. The observer should not fail, upon occasion, to 
determine as accurately as possible the altitude at which 
the parhelia disappear. 

With regard to the solar distance of the parhelia, theo- 
retical seem to be wholly verified by obser- 
vational determinations at any rate for altitudes of the 
sun below 40°. Above that altitude we have but few 
determinations, and they are in poor agreement with the 
calculated distances. Thus measurements for solar 
altitudes over 40° would have a very real interest. 

At Paris the average annual frequency of parhelia is 
35 days. They are generally of shorter duration than the 
halos. Generally they flare up momentarily, as does a 
fire into which one throws a quantity of some inflam- 
mable substance. They are not always accompanied by 
the ordinary halo. Frequently but one of them is seen, 
or they may appear only in succession. 

They are less frequently formed by a continuous, homo- 
geneous cirro-stratus veil than by isolated tufts or milky 
patches of cirrus. Sometimes they momentarily reveal 
small clouds, invisible before they reached the position 
_of the parhelion and again become invisible as soon as 
they move away from it. The ice-formed portions of the 
cumulo-nimbus, known as ‘‘false cirrus,’’ are very favor- 
able for the production of parhelia. 

Oblique arcs of Lowitz.—The oblique arcs of Lowitz is 
the name given to luminous arcs which arise at the par- 
helia and are directed obliquely downward toward the 
halo of 22° (fig. 1, f and f’). Barely two observations of 
this phenomenon are known, and it must be very care- 
fully described if one should observe it. Note carefully 
the direction of curvature and the exact position of the 
point of contact with the halo. 


Tangent arcs of the halo of 22°. 


The halo of 22° may be touched at its highest and its 
lowest points by luminous curves called, respectively, the 
ye tangent arc and the lower tangent arc of the halo of 


(fig. 1, c and d). 
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The form of these ent arcs varies greatly, according 
to the altitude of the sun. When the sun has reached 40 
or 42°, the two arcs, previously distinct, fuse into a 
closed curve that is called the circumscribed halo or the 
elliptic halo (figs. 9, 10, 18, 20). This curve departs 
greatly from an ellipse at first, but approaches it more 
and more closely as the sun’s altitude increases. Simul- 
taneously, the interval separating it from the ordinary 
halo progressively shrinks, and the two curves finally 
merge into one. 

The successive forms assumed by these tangent arcs 
are presented in figures 3 to 10, which are for solar alti- 
tudes ranging from 5° to 55°. 

Of course the lower tangent arc is not observable when 
the sun is lower than 22° unless indeed one is observing 
from a mountain peak or a balloon whence the eye looks 
into ice-clouds lying below the horizon. 

The formation of a tangent are is preceded by an in- 
creased brilliancy of the ordinary halo at its upper and 
lower points. At the same time the upper portion of the 
halo assumes a flattened aspect. Then it is time to look 
for the a — of the tangent arc, which is not clearly 
detached from the halo for some distance from the point 
of tangency because of the width of the two curves. 

Sometimes a small colored arc appears at a point 22° 
above (fig. 17) or below the sun. It is too short to have 
an appreciable curvature and may even appear as a 
simple luminous spot. It is an incipient form of the tan- 
gent arc. It is to be recorded as the upper or the lower 
vertical parhelion of 22° or as the upper or the lower summit 
of the halo of 22°. 

When the ordinary and the circumscribed halos are 
simultaneously visible in their entirety, as shown in fig- 
ures 10 and 20 (c and d), the observer sometimes ascribes 
the circular form to the circumscribed halo while describ- 
ing the ordinary halo as a vertically elongated ellipse. 
At other times one believes there are two circles inter- 
secting above and below, as in the sketches forming fig- 
ures 18 and 20. To be warned of these ilusions is suffi- 
cient to avoid them. 

When, in addition to the ordinary halo, or the parhelia, 
there is yet another phenomenon at or about 22° from the 
sun, the first thought will be of an ordinary tangent arc. 
If one compares the observed phenomenon with that one 
of the forms shown in figures 3 to 10 that corresponds 
most nearly to the appropriate solar altitude, the agree- 
ment will almost always be found to be satisfactory. In 
spite of the complexity of their changing forms these tan- 

ent arcs of the halo of 22° are among the phenomena 
or which theory is the most certain. Angular measure- 
ments, however, may reveal some anomalies due to acces- 
sory causes; for example, to oscillations of the ice crys- 
tals. It may also happen that other rarer phenomena 
occur in combination with the usual forms. (See Ex- 
traordinary tangential arcs.) 

In the Drieanste Zone the frequency of occurrence of 
the tangent arcs of the halo of 22° shows a maximum 
in the Spring and a second less pronounced maximum in 
the Autumn. At Paris the best opportunity for observ- 
ing them is at solar altitudes between 30° and 40°, 
where their average frequency of occurrence is 10 days 
per annum. 

HALO OF 46°. 


The halo of 46° is a colored circle having the sun at its 
center, and resembles the ordinary halo except that it 
has almost double the radius and is of lesser brilliancy. 
(Fig. 1, 6, b). 

In two-thirds of the cases only the superior portion is 
visible. Its average frequency at Paris is 8 days per 
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annum. When the 22° halo attains a lively brilliancy 
there is approximately one chance in three that the halo 
of 46° will also appear. 

Theoretically, the radius of this great halo is 45° 44’ 
for the yellow-green color. Measurements carried out 
at Montsouris Observatory give a slightly different mean 
radius; but the observed values always show differences 
among themselves, so that the question arises whether 
the magnitude measured is truly invariable or whether 
one is not here dealing with two phenomena of slightly 
different radii. This is a question demanding further 
investigation. 

CIRCUMZENITHAL ARC. 


Sometimes one sees a colored arc above the sun and 
46°, or a little more, distant from it. This are may attain 
a lively brilliancy and it then presents all the spectrum 
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formed, as are parhelia, in dense cirrus or in detached 
tufts of false cirrus. It also frequently appears in the 
cirriform front or rear margi t cumulo-nimbus. On 
account of its great altitude above the horizon it is 
sometimes seen in the icy alto-stratus whose opacity 
—— permit one to ascertain the position of the sun 
itself. 

According to Bravais’s theory the angular solar dis- 
tance of this arc varies with the altitude of the luminary. 
When the sun stands at 22° 08’ the solar distance equ 
the radius of the great halo (45° 44’), and it departs rom 
this value by less than 1° so long as the sun’s altitude 
lies between 17° and 27°; but when the sun is above 27° 
or below 17° the solar distance of the circumzenithal are 
increases rapidly. It amounts to 57° 48’ when the sun 
is at the horizon or at 32° 12’ and can not form when the 
sun stands higher than the latter position. 


Fie. 3.—Tangent arcs of Fie. 5.—Tangent ares (c, d) Fic. 6.—Tangent ares d 7.—Tangent ares (c, d 
22°-halo (a) for solar alti- 22°-halo for solar of 22°-halo (a) for solar alti- of 22°-halo (a) for solar alti- of 22°-halo (a) for solar alti 
tude 5°. tude 11°. tude 15°, tude 20°. tude 25°. 

c 
© 
d 
3 9 10 
Fia. 8.—Tangent ares (c, d) of 22°-halo Fig. 9.—Circumscribed halo (c-d) of the Fig. 10—Circumscribed halo of 
(a) for solar altitude 29°. 22°-halo (a) for solar altitude 40°. the 22°-halo (a) for solar alti- 


colors in great purity. This are is horizontal, that is to 
say, it forms part of a circumference whose center would 
be the zenith (fig. 1, A; fig. 11, h); but one rarely 
— more than a fourth or at the most a third of the 
circle. 

_Usually the cireumzenithal are does not long remain 
visible, five minutes on the average. Thus there is little 
chance of seeing it unless attentively searched for when 
the circumstances are favorable. It appears only when 
the sun’s altitude is less than 31°, and especially when 
the sun is near 20°. Out of 10 cireumzenithal ares 6 
were observed during solar altitudes between 15° 
and 25°. 

There is an intimate relation between this phenomenon 
and that of the parhelia. When a cloud that has pro- 
duced a parhelion, afterwards passes to 46° above the sun 
the circumzenithal are rarely fails to appear, of course, 
provided the solar altitude is favorable. This arc is often 


tude 55°, 


Numerous recent published observations seem to 
definitely establish this theory, contrary to the opinion 
of Pernter, who, in his ‘‘Meteorologische Optik,” rejected 
the same on a priori grounds. 

It is, however, desirable to multiply the number of 
verifications of the theory, especially for solar altitudes 
exceeding 27°, where we have very few observations of 
this are. 

It is rare that the halo of 46° and the cireumzenithal 
arc appear simultaneously; when this does occur it is 
always at solar altitudes approximating 22°. At this 
time the two curves are tangent to each other, therefore 
the circumzenithal are is also called the upper tangent 
arc of the 46°-halo. But it is not impossible that on some 
day the are and the halo should appear simultaneously 
for a solar altitude such that they shall be distinctly 
separated. Such an observation would be extremely 
interesting [and was actually made by the author on 
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December 21, 1910, at Paris when he succeeded in 
photographing the whole phenomenon (3a)]. 

When one observes an are at about 46° above the sun, 
one should at once note the direction of its convexity, 
whether toward the zenith or toward the sun. Only when 
the are is convex toward the sun may it be recorded as 
the circumzenithal are. 

If the are is too short or too diffuse to show an appre- 
ciable curvature one will record it as the swmmit of the 
halo of 46° or as the vertical parhelion of 46°. When the 
are is distinctly concave toward the sun it is generally 
considered, ipso facto, as belonging to the halo of 46°. 
There are cases, however, where ‘the arc might be the 
upper bitangent arc. (See Upper bitangent arc, p. 441.) 

ern’s arc.— Kern’s arc” is the name given to an 
are (fig. 11, h’) situated on the same celestial parallel as 
the circumzenithal are (fig. 11, h), but on the opposite 
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Fia. 11.—Halo of 46° (b), with the circumzenithal arc 
(bh) and Kern’s are (h’) about the zenith (Z). 


side of the zenith (fig. 11, Z). But one observation of 
this arc is known, viz, that by H. F. A. Kern (4) at Lenon, 
Netherlands, in 1895. 

It is here convenient to mention certain observations 
of abnormal circumzenithal ares that formed a complete 
circle about the zenith. 


CIRCUMHORIZONTAL ARC. 


The circumhorizontal are is a colored are which like 
the circumzenithal are is parallel to the horizon at a solar 
distance of 46° or a little more, but it lies below the sun 
instead of above it. It is also called the lower tangent arc 
of the halo of 46°. Theoretically this arc can be formed 
only for solar altitudes exceeding 58°. Consequently it 
may not be observed at Paris except between May 11 
and August 1, but at latitudes within 8° of the Equator 
it is possible to see it on any day t»ward noon. | 

So far only three or four observations of this arc are 
known. It is desired to bring this phenomenon to the 
attention of observers in low latitudes as they are the 
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most favorably situated for its observation. The atmos- 
heric conditions favoring the formation of the cireum- 
orizontal arc are theoretically the same as those for the 
circumzenithal arc and the parhelia, but in the actual 
case the latter can not serve as precursory signs because 
they are impossible at the great solar altitudes needed to 
show the circumhorizontal are. 

Very probably the theory for this arc as proposed by 
Bravais is exactly correct, but so far it has not been veri- 
fied. The best verification would be to measure the solar 
distance of the arc under different altitudes of the sun. 
Theoretically this interval is not exactly equal to the 
radius of the great halo except for the solar altitude of 
68°. If the sun departs in either direction from this 
altitude then the solar distance of the circumhorizontal 
arc increases, at first slowly so that it is less than 1° at 
altitudes between 68° and 63° or 73°, then more and more 
rapidly as the sun approaches altitudes of 58° or the 
zenith. 

Sometimes one observes a luminous spot or a short are 
of insensible curvature at about 46° below the sun. At 
such times it is generally impossible to definitely assign 
this appearance to either the great halo, the cireum- 
horizontal arc, or the lower bitangent arc (see infra- 
lateral tangent arcs), it should then be recorded as the 
lower summit of the halo of 46° or the lower vertical par- 
helion of 46°. 


INFRALATERAL TANGENT ARCS OF THE HALO OF 46°, 


Colored ares situated symmetrically either side of and 
46° distant from the sun toward which they are convex, 
are called infralateral tangent arcs of the halo of 46° (fig. 
1,2). They rest upon the horizon as though portions of 
rainbows. When the halo of 46° is simultaneously 
visible they are 9p: se to it (fig. 20,1). The following 
small table shows the position of the point of tangency 
according to Bravais’s theory, which is also the point of 
maximum brilliancy. This position may be defined by 
the central angle a, measured on the circle of 46°, be- 
tween the lowest point of the circle and the point of 
tangency of the one or the other of the infralateral arcs 
(fig. 12). 


Positions of points of tangency of infralateral ares of the halo of 46°. 
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Recently Pernter has put forward a new explanation 
for these arcs, that seems to be inadmissible, while 
Bravais’s theory takes iato account the observed charac- 
teristics. In order to decide the question with certi- 
tude it would be necessary to measure, for various solar 
altitudes, both the altitude of the point of tangency to 
the 46°-halo and also as accurately as possible the azi- 
muth of that point or of the brightest point of the arc 
when the halo is absent. The resulting values should be 
compared with those one in the above table. Pernter’s 
theory of these infralateral tangent arcs would lead to 
quite different values for a. ‘ 

If a theodolite is available and one has sufficient time, 
he should measure the coordinates of several points on 
the infralateral arc, thus securing a yet more complete 
verification. At present we have but one angular meas- 
urement (5) relating to these arcs and that measurement 
conforms to Bravais’s theory. 
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The best chances for observing the infralateral tangent 
arcs of the halo of 46° occur when there is a brilliant 
display of the tangent arcs of the halo of 22°. The two 
phenomena are closely related, but the former is much 
rarer than the latter. 

Lower bitangent are.—Theory says that when the sun 
has reached an altitude of 60° the two infralateral arcs 
unite to form a single curve which Bravais calls the lower 
bitangent arc. As the sun ascends above 60° this curve 


Fia. 12.—Halo of 46° (b) and the infralateral tangent ares (i) of that halo; showing the 
ar position (@) of the point of tangency on “b.” 


steadily approaches the halo of 46° and when the altitude 
of 68° has been attained it becomes sensibly identical 
with the lower third of the halo. As the sun mounts yet 
ee this curve separates exteriorly from the great 
halo as an arc of a concentric circle tangent to the 
circumhorizontal are. 

This lower bitangent arc has never been observed. It 
could be observed only from points below latitude 53° and 
the best chances for observing and verifying it would be in 
the equatorial regions; an interesting theoretical pre- 
diction. 

UPPER BITANGENT ARC. 


His sorry led Bravais further to foresee the possibility 
of another luminous curve, also doubly tangent to the 


halo of 46° but on its upper side. This curve is the wpper 


Fia. 13.—Supralateral tangent arcs (i’) of the 46°-halo (b). 


bitangent arc. It is very difficult to distinguish this from 
the halo of 46°, from which it is but slightly separated. 
It had not been reported by any observer until September 
26, 1910, but on that date was manifested at Paris in so 
characteristic a manner (6) that its actual existence seems 
to be incontestibly established. 

When the sun is low the summit of this arc is normally 
too faintly luminous to be perceptible; it then consists of 
twos etrical arcs laterally tangent to the halo of 46°. 
(See fig. 13.) Bravais calls them the supralateral tangent 
arcs. 7 the sun’s altitude increases the two points of 
tangency aaprvedh the summit of the great halo and the 
union of the two arcs becomes increasingly evident. 
When the sun reaches an altitude of 22° the point of 
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tangency is exactly in the sun’s vertical and the arc be- 
comes sensibly identical with the upper portion of the 
halo. When the sun ascends from 22° to 32°, the latter 
altitude being the upper limit for the phenomenon to 
form, the arc gradually separates from the halo while 
preserving the form of an are concentric with it. 
Theoretically, if the generating ice crystals continue in 
perfect equilibrium the bitangent arc ought to be tangent 
at its culminant point to the circumzenithal arc supposed 
to be simultaneously visible. In reality, however, the 
ice crystals are always in oscillation which results in dis- 
placing the two curves so that they no longer remain ex- 
actly tangent but may mutually intersect. Figures 14, 
15, and 16 show such forms observed September 26, 1910. 


h 
i' 
Fias. 14, 15, 16.—Forms of 46°-halo, in combinations 


Figure 14 shows much analogy with an old observation by 
Beckerstedt in 1763 (see fig. 17) and cited by Bravais 
in support of his theory. The halo of 46° would not be 
able to produce such forms as these figures show; they 
are characteristic of the upper bitangent are but seem to 
be of very rare occurrence. 

Sometimes when the sun is low, one may see simul- 
taneously with the tangent arc of the 22° halo, an arc having 
approximately the form of a fragment of the 46°-circle. 

e colors of this arc are purer than those of the halo and 


Fig. 17.—Halo observed by Beckerstedt in 1763. 


the maximum brilliancy is not at the summit but at a 
certain distance to the right or the left. Probably this is 
a supralateral are occurring either alone or superposed 
upon the halo of 46°. One should determine whether 
the point of maximum brilliancy is at the theoretical point 
of tangency for the two curves. It would be still better 
to measure, if possible, the solar distance of the inferior 
extremity of the luminous curve. If the phenomenon is 
indeed a supralateral are and of sufficient length, the 
solar distance ought to prove noticeably more than 46°. 

On the other hand, when the sun is higher than 22°, and 
always simultaneously with the tangent arce of 22°, it some- 
times happens that at about 46° above the luminary one 
may see an are having the pure colors of the circum- 
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zenithal arc but with descending branches. Probabl 
this also is the upper bitangent arc. To prove it with 
certainty one hear; as in the preceding case, measure 
the solar distance of the are which in this case is readil 
done by simply measuring its altitude in the sun’s vertical. 
If the sun is at least 28° high even a rather rough deter- 
mination ought to show a solar distance clearly greater 
than 46°. 
PARHELIA OF 46°. 


There have been a number of observations of colored 
parhelia analogous to the ordinary parhelia of 22° but 


Fig. 18.—Halo observed by Schuit, showing halo of 22° (a), its circumscribed halo (c-d), 
the ordinary parhelia (e, e’), the parhelic circle (m), the ordinary paranthelia of 120° 
(p), two pairs of the oblique arcs of the anthelion (s, s’; r, r’), and what are perhaps 
the infralateral tangent arcs of the 46°-halo (i?). 


located on the halo of 46° or, in its absence, at a solar dis- 
tance approximately equal to the radius of that halo and 
at the same altitude astheluminary. (Fig.1,g g’.) This 
is one of the rarest of phenomena. ‘Two explanations of 
it have been offered leading to quite different consequent 
solar distances and limiting altitudes at which it can take 

lace. The limiting solar altitude, 7, in the one case (a) 
is 32° 12’, and in the other case (b) 60° 45’. As for the 
solar distance, D, of the parhelion measured on an arc of a 
great circle, it varies with the altitude, 7, of the luminary 
according to the one hypothesis or the other as shown by 
the following table: 


Solar distances of the parhelion of 46°. 


H. o* | 10° | 20° | g0* | 40° | 50° 
| | 
45 44 | 46 50 38|61 52/........|........ 
3 40 00 | 49 12/6 66 | 


Jury, 1914 


So far we have but one measurement (7) of the solar 
distance of the parhelion of 46°, which was made at the 
solar altitude of 3°. This measurement is much more 
favorable to hypothesis (a) than to hypothesis (5). 


PARHELIO CIRCLE. 


The parhelic circle is a white circle passing through 
the sun and parallel to the horizon. (See fig. 1, m; fig. 
18,m.) Its appearance is often preceeded and announced 
by the formation of the white parhelic tails. (See fig. 17.) 
These tails lengthen, finally, in such a manner as to make 
a more or less complete circuit of the sky. As they 
themselves may attain a length of 20° there is no occa- 
sion to record the occurrence of a parhelic circle unless 
the white train starting at the parhelion exceeds this 
limit. But, however short the white train may be if it 
extends toward the sun it can not be other than the par- 
helic circle. Further, the circle may develop without 
accompanying parhelia, since the latter do not appear 
for solar altitudes above 51°, while the luminous inten- 
sity of the parhelic circle increases with the altitude. 

e white band that forms the parhelic circle some- 
times has a reddish border that should be recorded if it 
is observed. 

The parhelic circle often develops very — and 
its circumference may show knots of white light, though 
they are sometimes of very brief duration. They must 
be carefully watched for, as these diffuse images of the 
sun sometimes present the anthelion and the paranthelia. 
(See figs. 2 and 18.) When the moon is the luminary, 
these phenomena are called the paraselenic circle, [para- 
selene], antiselene, and parantiselene, respectively. 


Anthelion and the oblique arcs of the anthelion. 


The anthelion is a rounded luminous spot situated at 
180° from the sun, usually pure white, but it may be 
iridescent or surrounded by colored rings. (See fig. 2, n.) 

It should not be confounded with the antisolar corona 
or glory of the aeronaut, often observed from moun- 
tain summits or a balloon, located precisely opposite to 
and in the prolongation of a straight line from the lumi- 
nary through the eye of the observer. 

urthermore, the name “anthelion’’ should not be 
applied to twilight-like glows appearing at a point on the 
horizon opposite the point of sunrise or sunset. 

The term anthelion should be reserved for those lum- 
nous images that form at the point opposite the sun and at 
the same altitude. 

Oblique arcs of the anthelion.—The anthelion may 
oppees when the parhelic circle is absent. Sometimes 
the antheiion is traversed by ascending white intersect- 
ing ares called the oblique arcs of the anthelion. (See fig. 
2,7r,7r’.) This is a very rare phenomenon and its theory 
is still quite uncertain. These arcs may apparently be 
classified according to their inclination, into two different 
kinds both of which may occur simultaneously, as in 
Schult’s observation, reproduced in figure 18. Some- 
times these arcs are bis wither until they recross in the 
sun itself, as sacutestll on thatsame occasion. (See fig. 
18, r and r’.) 

When these ares are observed one should measure, or 
estimate if there is no instrument available, their angular 
inclination. Their course on the celestial sphere should 
also be determined as exactly as possible, as should be 
their second point of intersection if they have one. 
Observe their width, whether it is uniform or increases 
with the distance from the anthelion. 
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Jury, 1914. 


The oblique arcs may appear without a simultaneous 
anthelion strictly so-called, 1. e., a rounded image of the 
sun at their point of intersection. They have some- 
times shown iridescence also. 


Paranthelia. 


The so-called ordinary paranthelia of 120° appear 
at an azimuth of 120° on either side the sun. They are 
mutually 120° apart and 60° from the anthelion. e 
have always appeared as wholly white. (See fig. 18, p. 

Sometimes paranthelia, also white, appear at points 
located at practically right angles to the sun. (rig. 2, 
q’.) Is their azimuthal distance from the sun exactly 
90°? Is this distance slightly different from 90° but 
constant for all solar altitudes, or does it vary with the 
latter? Lack of precise measurements does not permit 
of exact answers to these questions. 

Still other paranthelia may appear at different and 
equally uncertain points on the horizontal small circle 
passing through the sun. A notable location is at about 
40° from the anthelion. 


LIGHT PILLARS AND OROSSES. 


A light pillar is a train of light extending vertically 
above the sun or moon, and it may also be prolonged 
beneath the luminary. In width these pillars differ but 
little from the diameter of the luminary; their length 
is very variable, sometimes being less than a degree and 
again amounting to 30 or 40 degrees. (See fig. 1, wu, w’.) 

The light pillar must not be confused with the luminous 
rays that sometimes seem to escape from the edges of the 
lower clouds when these hide the sun. Such rays diverge 
from the sun in all directions and are vertical but by 
accident, while the light pillar is and remains always 
vertical. It is also not to be confused with the rosy 
twilight bands that radiate from the setting sun and 
sometimes traverse the whole sky, apparently reconverg- 
ing at the opposite horizon. Almost always there are 
several such bands at the same time, and they also are 
vertical only by accident. 

Bravais distinguishes light pillars of the first class or 
those that rise above the horizon after sunset; and light 
a of the second class or those that appear above or 
veneath the luminary while it is above the horizon. 

Crosses.—Solar or lunar crosses consist of two trains 
of light, the one vertical and the other horizontal, inter- 
secting at the sun or moon respectively. The horizontal 
arm is usually interpreted as a fragment of the parhelic 
[or paraselenic] circle. (Compare fig. 1, uw, w’, and m.) 


Pseudhelia and mock suns. 


The pseudhelion is a white image of the sun sym- 
mastchecle located with reference to the luminary and the 
plane of the horizon. The phenomenon is visible only 
to an observer in a balloon or on a mountain. Bott- 
linger (8) has seen it surrounded by a small elliptical 


ring. 

Other mock suns, to which the term should be re- 
stricted, appear toward sunset or sunrise in contact 
with the true sun and located in its vertical. This phe- 
nomenon is usually accompanied by a light pillar and 
very probably is genetically related to the halos, but it 
has not yet been satisfactorily explained. 
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HALOS OF ABNORMAL RADIUS. 


On various occasions there have been observed cir- 
cular solar or lunar halos analogous to those of 22° and 
46° but having a different radius. In the majority of 
cases there has been no direct measurement of the radius 
of the abnormal halo; it has been estimated in terms of 
the ordinary halo that is almost always simultaneously 
visible. Under such circumstances the error may easily 
amount to 2°; besides,it is often impossible to decide 
in the case of two observations of this kind, whether the 
observations refer to the same halo or to two halos of 


FiG.. 19—Extraordinary halos of 19.5° (a’), of 17.5° (a), and of 7.5° (a’’), together 
with ie ordinary 22°-halo (a). ’ has observed a’ and a’ occurring simul- 
taneously. 


actuall 08 radii. Precise measurements are espe- 
cially desirable here. 


A halo of 4°-6° radius was seen by Hall in 1796 (9). 

A halo of 7°-8° radius was seen by Arctowski (10) in 1898 and by 
Hissink (11) in 1899. 

A halo of 9°-10° radius was seen by Van Buijsen (12) in 1892 and 
afterwards by Hissink (13) and Russell (14). 

A halo of measured radius 14° was seen by Heiden in 1839 anda 
halo of measured radius 16° by the same at the same time. 

A halo of about 17° was seen by Besson and Dutheil (15) in 1900. 

A halo of measured radius 17° 55’ was seen by Hissink (16) in 1899 
and 1905, and afterwards by Krémar (17). 

A halo of measured radius 19° 25’ was seen by Burney in 1831, and 
afterwards on three occasions by Hissink (18). 

The two halos last mentioned were certainly differeat circles, as they 
have been observed simultaneously by Hissink (see fig. 19). 

A halo of 26°-29° was seen by Scheiner in 1629, and afterwards by 
Greshow and by Whiston. 

A halo of 34°-38° was seen by Feuillée, by Parry, and by the mem- 
bers of the Charcot expedition in 1904 (19). 

A halo of about 90° was seen by Hevelius in 1661, afterwards b 
Erman, Sabine, and others. In contrast to the preceding halos whic 
are colored like the 22° halo, the halo of Hevelius has always appeared 
as a white circle. The exact determination of its radius would be of 
special interest. 


We would add that sometimes confusion has arisen by 
applying the name “white rainbow” to a phenomenon 
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almost identical in magnitude and appearance but quite 
different in its nature from the degenerating form of the 
true rainbow which forms the true white rainbow. This 


false white rainbow is still of problematic character, but it 


should be due to ice crystals, as are the halos. lt would 


seem to be a halo of about 140° radius. 


EXTRAORDINARY UPPER AND LOWER TANGENT ARCS 
OF THE 22°-HALO. 


In exceptional cases there may be arcs other than the 
ordinary tangent arcs, touching the halo of 22° either at 


20 


Fic. 20.—Halo observed by Rear Admiral A. von Kalmar, at Pola, on March 26, 1896, 
embracing: Halo of 22° (a), circumscribed halo of 22° (c-d), ordinary parhelia (e, e’), 
extraordinary tangent arcs of the halo of 22° (k, k’), infralateral tangent arcs (i, i’) 
accompanying fragments of the 46°-halo (b, b), the parhelic circle (m), the oblique 
arcs of the anthelion (r, r’). 8S, the sun; Z, the zenith. 


its summit or its base. Such are the arcs showi at 
k’ and k of figure 20, which were observed by Vice 
Admiral Kalmar (20). Two kinds of such arcs have 
been observed, viz: 

1. Arcs parallel to the horizon.—The arcs parallel to 
the horizon are, meas re to Bravais, “secondary” 
parhelic circles engendered by the very brilliant vertical 
parhelion situated at the point of tangency with the halo, 
and which plays the part of the luminous source. 

2. Arcs not parallel to the horizon.—Bravais has pro- 
posed a theory of the arcs not parallel to the horizon 
that does not accord well with the observations. Exact 
determinations of their curvature are needed. 


Juxy, 1914 
Infralateral and supralateral arcs of the 22°-halo. 


Enigmatical arcs that touch the upper or the lower 
side of the 22° halo are called the supralateral or the 
infralateral arcs, respectively, of the 22°-halo. Thedextral 
supralateral arc was first observed by Az. de Ruijter (21) 
in 1898. Manois (22) observed the two infralateral arcs 
in 1901. In 1904 the dextral supralateral (j’) and 
infralateral (7) arcs as shown in figure 21 were observed 
in Holland (23). 

In the pone J state of our knowledge of ice crystals 
it is very difficult to explain these arcs. 


OBLIQUE PARHELIC CURVES. 


There have been several observations of bands of 
white light passing through the luminary in the manner 


24 
Fig. 21.—Halo of 22° (a) with the —_ infralateral (j) and supralateral (j’) arcs 
sun, 


of the parhelic circle, but departing noticeably from a 
horizontal position. The theory of these oblique parhelic 
curves is very uncertain. In 1904 Mellema (24) saw 
two parhelia on a curve of this class. 


EXTRAORDINARY CIRCUMZENITHAL AROS. 


Horizontal or approximately horizontal arcs appearin 
above or below the sun, but differing from the upper re 
lower tangent arcs of the 22°- and 46°-halos, are called 
extraordinary circumzenithal arcs. They have been ob- 
served particularly at about 18°, 26°, 33°, and 54° above 
the luminary. 

A Sg theory of these ares has been outlined by 
Bravais, who finds that their horizontality is never other 
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Jour, 1914. 


than an approximate one. He does not explain the 
horizontal closed circles that have been observed on 
numerous occasions. 


SECONDARY HALO PHENOMENA. 


It is a recognized fact that if a parhelion or any other 
luminous focus is sufficiently brilliant it may ‘ second- 
arily’’ engender halo phenomena such as parhelia, a 22°- 
halo, a parhelic circle. As we have seen (p. 444) this 
seems to be the origin of certain extraordinary tangent 
ares. Pernter (25) observed a circle of 22° and two par- 
helia that were evidently secondary phenomena about 
an ordinary lower tangent are of the 22°-halo which 
appeared as a luminous oval of the form shown in 
figure 4. 

SINGULAR PHENOMENA. 


In closing I would direct attention to some phenomena 
that have been seen but once, and in every way deserve 
the designation singular: 

1. A small elliptical helio-centric halo; its major axis placed vertically 
and 21° in length, its minor axis being 15° long. It was observed and 
measured by Hissink (26) in 1901. nN somewhat analogous phenome- 
non is shown on a sketch by Wagner dated 1733. 

2. An —— seleno-centric lunar halo tangent to the 22°-halo at 
either end of the horizontal major axis, and having a minor axis of 20° 
or 22°. It was observed in 1904 by the Charcot expedition (27). 

3. Two white arcs seen in 1898 by Arctowski (28) simultaneously with 
a (false?) white rainbow, placed at 90° on either side of and at the same 
altitude as the rainbow. 

4. An arc obliquely intersecting the upper left-hand part of the 22°-halo. 
This arc was observed by Barrett (29) in 1905. 

5. Colored parhelia seen by Aveline in 1798, located on the parhelic 
circle about 44° from the sun and with their more brilliant portions 
turned away from the luminary. 


PRACTICAL DIRECTIONS FOR OBSERVING HALOS. 


Record the successive phases of the phenomenon, statin 
the exact time of occurrence of each phase together wit 
= corresponding variations in the appearance of the 
sky. 
State the time used, whether mean local or the mean 
time of some definite meridian. 

When the visible curves or luminous spots are recog- 
nized designate them by their proper names; record their 
peculiarities and endeavor to carry out the checks or 
measurements which are given above as desirable. 

If an unknown phenomenon appears, first examine its 
form, its position with reference to the sun and to the 
other lummous its colors and their arrange- 
ment, and record the exact time of the observation. 

If paper and pencil are at hand, at once make a sketch 
of the phenomenon. Later carry out angular measure- 
ments if possible. The use of photography is always to 
be recommended, but should never be substituted for 
the observations according to the directions just given. 

_Never combine in one drawing phenomena observed at 
different times. 

The method of projection exemplified in figures 18 and 
20 is a convenient one for representing appeerence of a 
arpa pias that occupies a large portion of the heavens, 

ut the form and proportions of the curves are neces- 
sarily altered. The interesting portions of the phenome- 
non should be drawn separately and true to nature. 

Angular measurements.—Angular measurements may 
refer to three slempanshes-aiade above the horizon, the 
azimuth, and the mutual distance of two phenomena or 
of the luminary and the phenomenon, 
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A theodolite gives both altitude and azimuth at one 
setting. 

Alttiude alone may be determined by a clinometer or 
by a mercury level conveniently graduated (30). 

Azimuth may be determined by the aid of a compass 
and a plumb line, provided the altitude of the point 
measured does not exceed 30°. 

The radius of a halo or the solar distance of a notable 
luminous point may be readily measured with sufficient 
exactness by the aid of a sextant or reflecting circle. 

The lenses of the telescope on the sextant or the theod- 
olite should be removed for this work, as the phenomena 
can not be perceived through them. 

When the colors are diffuse one will be able to sight 
only on the center of the phenomenon. But it is desira- 
ble that one should point on a definite color so far as this 
may be possible, or better yet sight in succession on 
several colors, e. g., on the red, the green, and the violet. 

Record the exact time of each angular measurement. 
If one has this exact time of the measurement, the 
corresponding measurements of solar altitude and 
azimuth may be omitted because they can be calculated 
at leisure. Noreshatnns it is always well to make one 
or two settings on the luminary for purposes of control. 

Is there no instrument at hand, the a in the sky 
of a point on the halo may be marked by bringing it in 
line with some known fixed object, such as the point of 
a lightning rod, the corner of a roof, the apex of a tree, 
ete. Orthe azimuth of the luminous point with reference 
to distant terrestrial objects may be determined with the 
aid of an improvised plumb line. In this connection the 
observer will carefully mark his own position at the time 
of observation in order that he can accurately replace 
himself there when returning with a measuring instru- 
ment. 

In describing a phenomenon it is necessary to carefully 
specify whether the recorded intervals are in azimuth or 
on arcs of great circles. 


PRINCIPAL WORKS ON THE THEORY OF HALOS. 


Bravais, A. Mémoire sur les halos. Journal de 1’Ecole polytech- 

nique, 31™° cahier. 1845. 
ravais, A. Notice sur les halos, suivie d’instructions sur |’obser- 

vation de ces phénoménes. Annuaire météorologique de la France. 
1851. 

Mascart, E. Traité d’optique. t. 3. 

Pernter, J.-M. & Exner, F. M. Meteorologische Optik. Wien, 
Leipzig. 1902-1910. 799 p. . 

Besson, Louis. Sur la théorie des halos. Annales del’Observatoire 
de Montsouris, 1908 and 1909. 
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(5) Annales de l’Observatoire de Montsouris, 1909, p. 183, 


‘ 
¥ 
y 
vas” 
- 
Ag 
> 
{ 


446 


2 Comptes rendus, 151: 693. 
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HALOS AND THEIR RELATION TO THE WEATHER. 


By Anprew H. Patmer, Assistant/Observer. 


{Dated Weather Bureau, San Francisco, Cal., July 15, 1914.] 


When rays of light from the sun or the moon pass through 
a cloud sheet, various subjective phenomena are caused 
by the moisture particles which make up the cloud mass. 
hen the sun is observed through haze or attenuated 
fog it appears as a disk with sharply defined edges. 
When a moderately dense cloud sheet occurs at a a 
or intermediate level, the sun’s disk, when visible, is 
irregularly defined, is sometimes too bright to be observed 
directly with the naked eye, and is frequently surrounded 
by concentric rings of li at called coronas. These rings, 
which vary in number from time to time, are ordinarily 
1° to 5° in radius, and show the various colors of the 
spectrum, always with the red on the outside. They are 
roduced through diffraction and interference of the 
fight rays by the water spherules and ice crystals encoun- 
tered. Because of the brightness of the sun many solar 
coronas pass unobserved, as they usually may be seen 
only by reflected light. Incomplete coronal ares are often 
seen in the thin margins of broken clouds like strato- 
cumulus and alto-cumulus. With the highest cloud 
sheet, the cirro-stratus, refraction and reflection of the 
rays by the ice crystals produce rings in which the colors, 
when visible, are always arranged with the red on the 
inside. These are halos proper or greater halos, and may 
be defined as somewhat complicated arrangements of 
arcs and circles of light surrounding the sun or the moon, 
accompanied by others tangent to or intersecting them, 
with spots of special brightness called parhelia appearing 
at the points of tangency and intersection. Barhelia 
are most often observed about sunrise or sunset, fre- 
quently when the intersecting arcs are themselves in- 
visible, except at the points where the two causes com- 
bine to reflect a double portion of the sun’s rays. In the 
order of their frequency, halos average about 22°, 46°, 
~ or 90° in radius, but on rare occasions various other sizes 
have been observed. In the following discussion halos 
proper are alone considered. 
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There is a very intimate relation between halos and 
cirro-stratus clouds, a halo usually being formed whenever 
this kind of cloud is penetrated by the rays of the sun or 
the moon. Based upon the observations made at Blue 
Hill Observatory during 1896-97, the mean height of 
cirro-stratus clouds is 10,099 meters during April to 
September, inclusive, and is 8,893 meters during October 
to March, inclusive (1). The mean for the year is 9,496 
meters, an average higher than that of any other form of 
cloud. The maximum height at which they have been 
observed is 13,601 meters, while an instance of cirro- 
stratus cloud at 4,036 meters is alsoon record. However, 
it is sufficient to say that they are high clouds, so high in 
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Fig. 1.—Cloud regions and cloud classes about a typical Northern Hemisphere cyclone 
central over Blue Hill Observatory. (International cloud notation.) 


fact that the water particles making up the cloud are 
known always to be in the form of hexagonal prisms of 
ice. Though it is unnecessary to consider the physics 
of halo formation here, it should be stated that the form 
and the arrangement of these ice spicules or needles are 
important considerations in the refraction and the re- 
flection of the light rays(2). The size of the halo, whether 
it be approximately at 22°, 46°, 90°, or one of the rarer 
types, is determined by the amount of reflection and re- 
fraction suffered by the rays, and is therefore closely 
dependent upon the density, the thickness, and the height 
of the cirro-stratus sheet. While most halos are ap- 
geo circular, a few are elliptical, the latter form 

eing explained sometimes by inequalities in distance 
between the observer and the moisture particles, and 
sometimes by the distortion resulting from remem a 
conditions of temperature, and hence of density in the 
lower atmosphere. The light of some arcs is polarized, 
while that of othersisnot (3). From astudy of halos ob- 
served in Russia, Dr. Ernst Leyst concluded that there 
was no relation between halos and sunspots (4). 

At Blue Hill Observatory, which is located upon the 
summit of a high hill 10 miles south of Boston, Mass., 
record is kept of the occurrence of halos among the other 
miscellaneous phenomena. The kind of halo, whether 
solar or lunar, and the duration of its existence, is re- 
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corded. Though no record as to size is kept, the 22°- 
halo is by far the most common, and the 46°-halo the next 
most common. As pointed out by M. E, T. Gheury (5), 
who made a study of halos and coronas observed in 
England, one does not realize how common halos are until 
he keeps a systematic record of their occurrence. Table 
1 shows the monthly occurrence of halos, both solar and 
lunar, as recorded at Blue Hill Observatory during the 
20 years, 1891 to 1910, inclusive. Doubtless practically 
all of the solar halos which have been visible there during 
that time have been recorded, but many lunar halos have 

robably been unnoticed, since no observer is on duty 
betwen midnight and 7 a.m. It is apparent from the 
table that solar halos are most frequent in the spring, the 
mean number for March being 5.9, and are least common 
in the autumn, October and November each having a 
mean of 2.3, Lunar halos are most frequent in winter, 
the mean for January being 2.7 and are least frequent in 
ay the mean for June, August, and September being 

ut 0.6. 


TaBLE 1.—The numbers of halos observed at Blue Hill Observatory, Great 
Blue Hill, Mass., 1891-1910, inclusive. 
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Certain other facts must be considered in this connec- 
tion, however. In the latitude of the observatory (lat. 
42° 13’N., long. 71° 7’ W. of Greenwich) the sun is above 
the horizon about 6 hours longer in June than it is in 
December, thus increasing by about 67 per cent the time 
when solar halos may occur. Cyclones are more frequent 
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and hence cirro-stratus clouds are more common in winter 
than in summer. The relatively small number of solar 
halos in summer as compared with the number in winter 
seems to indicate, when these facts are kept in mind, that 
the conditions favoring their formation are very much 
less frequent then. On the other hand, since the nights 
are longer in winter than in summer more lunar halos 
are theoretically possible during that half-year. More- 
over, lunar halos are also related to the age of the moon, 
since the latter must usually be in a phase between first 
and last quarter in order to give sufficient light to produce 
ahalo. Partly for this reason, the total number of solar 
halos in a year is more than twice that of lunar halos. 
As may be learned from the table, few months occur in 
which no solar halos are observed while sometimes as 
many as 12 are seen, as was the case in March, 1908. 
During the 20 years the total number of solar halos per 
ear ranged from 30 in 1899 to 62 in 1895 and 1909. 
unar halos are not observed every month, though as 
many as 7 were seen in one month, December, 1898. 
During the period considered the number per year varied 
from 9 in 1902 to 24 in 1907 and 1908. Halos vary 
reatly in the duration of their existence, some lasting 
ut a few minutes, while others continue for many hours. 
A solar halo was observed to persist for 10 hours, while on 
several occasions a lunar halo observed in the evening 
was still visible early the next morning, doubtless having 
continued all night. Based upon the records for the 10 
yous 1901 to 1910, inclusive, the average duration of 
alos in hours for each month of the year at Blue Hill is 
as follows: 


TABLE 2.—Average duration (in hours) of halos for each month. 


Jan.| Feb.|Mar. | Apr. |May. June. \July.| Aug.|Sept.| Oct. |Nov.|Dec.| 

Solar 
Lunar halos..| 1.3 | 1.8 | 1.8 | 1.9|1.3| 1.3]... 17 


In the popular mind considerable attention is given to 
halos as forerunners of precipitation, frequent references 
to them occurring in poetry and proverb. Various Euro- 
pean studies have been made in this connection, but with 
the exception of a paper by Mr. George Reeder (6), Section 
Director of the United States Weather Bureau at Colum- 
bia, Mo., no extensive study based upon American data 
has been made. After examining the record of halos 
observed at Columbia, Mo., during 1905 and 1906, Mr. 
Reeder concluded that (a) ‘‘halos are a very good guide 
in predicting weather changes, especially the 22-degrée 
circles; (b) the 22-degree circle is followed by precipita- 
tion usually within 12 to 18 hours, the storm center cross- 
ing the meridian near the point of observation; and (c) 
‘‘when the 45-degree circle is observed the storm center 
is usually from 800 to 1,000 miles or more away, and pre- 
cedes precipitation, if any, by 24 to 36 hours.” He has 
also observed well-defined 45-degree solar halos on occa- 
sions when a West Indian hurricane was immediately off 
or near the east Gulf or South Atlantic States. ’ 

The relation of halos to precipitation as shown by the 
data obtained at Blue Hill Observatory during the 10 
years 1901 to 1910, inclusive, is summarized in Table 3. 
Considering solar halos first, it is apparent that with the 
exception of one month, July, more than half are followed 
by precipitation within 36 hours. During the winter 
months, Dheemnbiee to April, inclusive, more than 70 per 


cent of the solar halos are followed by precipitation, the 
highest proportion being that of January, with 76 per 
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cent. Some halos are preceded but not followed by _e- 
cipitation within 36 hours. The largest number of these 
occur during the summer half-year, 24 per cent of those 
occurring in October falling within this class. Moreover, 
some halos are neither preceded nor followed by precipi- 
tation within 36 hours, the greater number of these again 
occurring during the summer Tl one-third of the 
July as being of this type. The average interval 
between the appearance of a solar halo and precipitation, 
when it follows, is longer in summer than in winter. 
Generalizations regarding lunar halos, on the basis of the 
data studied, are not so well established, since a relatively 
small number were available. Only those lunar halos 
were considered which occurred upon days when no solar 
halos were seen. Generally speaking, however, lunar 
halos show conditions not greatly unlike those associated 


with solar halos. 


Jury, 1914 


The apparent close relationship existing between halos 
and precipitation can be easily explained from a study of 
cloud distribution in cyclones. Long-continued observa- 
tions have established the fact that when no low clouds 
are present a halo is formed (a) whenever a thin stratum 
of cirro-stratus cloud exists in that part of the sky where 
the sun or the moon is visible, or (b) occasionally with 
high cirrus clouds in which the streamers are sufficiently 
dense or are matted to produce the stratus effect, the 
halo in this case being broken or incomplete. The study 
of halos, therefore, resolves itself largely into a study of 
cirrus and cirro-stratus clouds. Because of their infre- 
quent occurrence, cirro-stratus clouds in anticyclones are 
not considered here. For the same reason cirro-stratus 
clouds associated with thunderstorms are not referred to. 
Figure 1 shows the distribution of clouds in a cyclone 
central at Blue Hill, based upon the observations made 
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F1a. 2.—Longitudinal section of a typical Northern Hemisphere cyclone, showing regions of halos. (International cloud notation.) 


TABLE 3.+-Relations of occurrence of halos to occurrence of precipitation 
at Blue Hill Observatory for the 10 years 1901-1910. ‘ 


| | z, 
alelsig is 
2/8 

SOLAR HALOS. | | 
Total number considered....| 45| 53| 59} 50} 43) 41/ 27| 41) 32} 21| 26) 29/ 467 
Proportion followed by pre- 
cipitation within 36 hours 
76| 74| 71) 74) 63; 48) 68, 59) 62) 69) 72) 69 
Proportion preceded but not 
followed by precipitation 
6} 17; 8 21; 17; 19) 10) 16) 24) 10) 11) 12 
Proportion neither preced 


nor followed by precipita- 
tion within 36 hours (per | 
18] 19) 12 16} 15) 33) 22 


and precipitation... ../15. 4/13. 8 16. 4/17. 0/14. 6:13. 5)15. 6 


14, 1/16. 8)16. 8/12. 8/18, 9 


Total number considered....; 20) 13) 6 6) 3} 4) 5) 3) 9} 11 13) 102 
Proportion followed by pre- 

cipitation within 36 hours 3 

60) 44) 62) 100 83) 0) 75) 40) 67, 33) 64) 62) 60 
Proportion preceded but not 

followed by precipitation 

within 36 hours (per cent). 30) 56! 23) 0) 17) 33) 0) 20) 33 22) 27) 23] 26 
Proportion neither preced | 

nor followed by precipita- } 

tion within 36 hours (per | 

| 10; 15) O} 67 25) 40 45) 9 15) 16 


and precipitation.. .. 14. 2/16. 2)14. 819.6 


at the observatory in 1890-1891(7). The large ring of 
cirrus and cirro-stratus cloud covers an area about as 
large as the remainder of the cyclone. In this large terri- 
tory, where a halo is everywhere visible when the sun or 
the moon is above the horizon, the cloud and the halo are 
the only visible evidences of the cyclone. If the observer 


‘is in the forward part of this ring he will find that as the 


hours pass the cirrus cloud first seen changes to cirro- 
stratus, the halo disappears when the latter in turn is 
obscured by the lower alto-cumulus and alto-stratus. 
The latter stratum is subsequently obscured by still 
lower stratus and strato-cumulus cloud, and precipita- 
tion begins soon afterwards. The transition is faster in 
winter than in summer, since storms, the upper winds, 
and the clouds are accelerated in movement then. This 
explains the shorter interval between halos and precipi- 
tation in winter than in summer. If the observer is in a 
position of the ring to the “= or to the left of the path 
of the moving cyclone the halo ene longer than usual, 
and it is neither preceded nor followed by precipitation. 
This explains the cases of this kind included in the sum- 
mary. Moreover, the summary also shows a few halos in 
which precipitation precedes but does not follow within 
the time limits designated. This condition would be rep- 
resented by that part of the ring at the rear of the cyclone 
center, the precipitation having gone before the halo, 
and the fair weather of the anticyclone following. It 
should be borne in mind that the cloud distribution 
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shown in the diagram is that of a typical cyclone, and 
though based upon a great number of observations it 
does not necessarily represent the conditions accompa- 
nying every individual cyclone. 

Based upon the cloud observations made at Blue Hill 
Observatory during 1890-1891, the percentage fre- 

uency of precipitation following cirro-stratus cloud is as 
(7): 


TABLE 4.—Frequency of poemeeesion following cirro-stratus, at Blue 
Hill Observatory. 


Chrostratus mioving Ss. SW. Ww. 


Precipitation frequency (per cent). ............-....- 60 42 55 62 
Departure from nor ere eee +24 +6 


The departure from the normal shows how much more 
frequently precipitation follows cirro-stratus cloud than 
is indicated by the average probability of rain regardless 
of cloud. Cirro-stratus cloud moving from an easterly 
point is a rare phenomenon at Blue Hill, only 8 out of 
239 observations during that year showing such move- 
ment. 

While Figure 1 may be regarded as a projection upon 
the ground of the cloud areas in a cyclone, Figure 2 may 
be considered as a longitudinal section along a major axis 
through the center of a typical storm, and hence parallel 
to the direction of movement (7). In this diagram the 
vertical dimension is not directly comparable with the 
horizontal dimension, since the typical storm represented 
is, in round numbers, 10 to 13 kilometers (6 to 8 miles) 
in depth, 2,400 to 4,800 kilometers (1,500 to 3,000 miles) 
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in length, and 1,600 to 2,400 kilometers (1,000 to 1,500 
miles) in breadth. The storm as shown in the diagram is 
supposed to move from left to right. The sequence of 
conditions often noted at Blue Hill Observatory is as fol- 
lows: Cirrus streamers accompanied by scattered cirro- 
cumulus clouds give the first warning of the approach of 
a storm, and often appear before the barometer begins 
to fall. Soon the cirrus becomes denser and cirro-stratus 
cloud is formed, a halo eee if the sun or the moon 
is favorably located. The barometer begins to fall about 
this time, the wind goes around to a southerly point and 
the temperature rises. 

The cloud stratum becomes thicker and lower, and the 
halo disappears when the clouds change to alto-stratus and 
alto-cumulus. The clouds become denser and darker, the 
wind veers to an easterly point and increases in velocity 
the humidity rises, and the barometer continues to fa 
sharply. Low fracto-stratus and fracto-nimbus clouds 
appear and precipitation begins after a short time. The 
duration of the rain varies greatly for the various storms, 
often being but a few hours in winter, while it may last 
for several days in summer when the storms move slowly. 
After precipitation ceases the sequence of events which 
preceded it is repeated, but in the reverse order and at an 
accelerated rate. The dark nimbus cloud gives way to 
the lighter stratus and strato-cumulus, the wind shifts to 
northwest and increases in velocity, the barometer rises, 
and the temperature and humidity fall. Later the clouds 
become the higher alto-stratus and alto-cumulus, which 
are soon replaced by cirro-stratus, which again shows a 
short-lived hele if the sun or the moon is above the 
horizon. Asthestorm passes out to sea in anortheastward 
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direction cirrus and cirro-cumulus clouds linger for a time 
as a last reminder. Usually an anticyclone follows with 
clearing skies, light variable winds, clear cool air, low 
humidity, and accelerated radiation accompanying the 
relatively high pressure. 

The mean horizontal velocity of the cirro-stratus cloud 
in which the halos are usually formed is 35.8 meters per 
second. The mean for April to September, inclusive, is 
30.0 meters per second, aie that for October to March, 
inclusive, is 41.7 meters per second. A maximum veloc- 
ity of 94 meters per second was observed, while the mini- 
mum was but 0.5 meter per second, both of these, strange 
to say, occurring in the month of February. In the front 
of a cyclone the wind at the cirro-stratus level is appar- 
. entl 1 ae at a considerably higher rate than it does 
at the same level in an anticyclone when cloud is not 
present. While the mean velocity of the cirro-stratus 
cloud during the summer half-year is 30 meters per second, 
that for the wind at the same level in the clear air of an 
anticyclone is but 18 meters per second, as indicated by 
observations of pilot balloons made at the observatory. 
The mean velocity of progression of cyclones for the 
United States in meters per second, as determined by 
Loomis (8), is as follows: 


11. 4 | September..... 11.0 
February. ....... 15.3 | Jume.......... 10.9 | October........ 12.3 
12.3 | August......... 10.1 | December... .. 14.9 


However, cyclones have sometimes traveled from west- 
ern Kansas to the vicinity of Blue Hill in a single night, 
while others have required four days to travel over the 
same distance. The point to be emphasized here is the 
fact that the great irregularity in the rate of cirro-stratus 
movement, together with the equally marked range in 
the rate of progress of cyclones, accounts for the extreme 
variability in the duration of halos. 

The general conditions which prevail in the eastern part 
of the United States when a halo is visible at Blue Hill are 
shown in figure 3. This diagram shows the typical dis- 
tribution of weather conditions in a cyclone the center of 
which is at St. Louis. Precipitation is then in progress 
in the central part of the Mississippi Valley, while dense 
alto-stratus and stratus clouds are forming in the Middle 
Atlantic States, and the same kinds are breaking up and 
disappearing at the immediate rear of the area of pre- 
cipitation. Surrounding this whole area and peanading 
the greater part of New England is a ring of territory, 
broad at the front and narrow at the rear, in which cirrus 
and cirro-strata are the prevailing clouds. Everywhere 
within this belt halos are visible when the sun or the moon 
is favorably located. The halo visible at Blue Hill un- 
der these conditions disappears when the denser and lower 
alto-stratus cloud arrives. Precipitation soon occurs and 
the center of the cyclone passes close to this vicinity. 
The sequence of events is slow or rapid depending on the 
time of the year. 


THE HALO IN WEATHER LORE. 


Numerous weather proverbs are based upon the fact 
that halos are usually followed by precipitation. While 
many of these are of European origin they are equall 
applicable to American conditions, since the weather is 
dominated by cyclonic control in the greater part of 
Europe, as well as over most of the United States. Like 


most weather proverbs which have survived the test of 
time, they are expressions of scientific principles, but their 
origin is probably explained by the similar observations 
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of many peorle, rather than by deductive scientific rea- 
soning. The following proverbs have been gleaned from 
various books of weather lore, and are given in the forms 
in which they have appeared in print: 

(1) The moon with a circle brings water in her beak. 

(2) When the sun is in his house it will rain soon.—(Zufii Indians.) 


(3) When round the moon there is a ‘‘brugh, ” 
The weather will be cold and rough.—(Scotland.) 


(4) For I fear a hurricane; 
Last night the moon had a golden rim, 
And to-night no moon I see.—(Longfellow, ‘‘The Wreck of the 
Hesperus. 
(5) The moon in halos hid her head, 
The boding shepherd heaves a sigh. 


(6) If two parhelia occur, one towards the south, the other towards 
the north, with a halo round the sun, they indicate rain within 
a short time.—(Theophrastus. ) 


(7) When the fourth day around her orb is spread 
A circling ring of deep and murky red, 
Soon from his cave the God of Storms will rise, 
Dashing with foamy waves the lowering skies.—Aratus (J. Lamb). 


(8) No weather fair expect, when Iris throws 
Around the azure vault two painted bows; 
When a bright star in night’s blue vault is found 
Like a small sun by circling halo bound.—Aratus (J. Lamb). 


These first eight proverbs are generalizations embodying 
the = that halos are usually followed by precipi- 
tation within a short time. 


(9) When the wheel is far, the storm is n’ar; 
When the wheel is near, the storm is far. 


(10) Circle near, water far; 
Circle far, water near.—(Italy.) 

The next two proverbs refer to the size of the halo and 
state, in other words, that rain follows a 46°-halo sooner 
than a 22°-halo. Since the halos recorded at Blue Hill 
are not classified as to radius, the truth or falsity of these 
sayings can not be tested. However, it is interesting to 
note in this connection that Mr. George Reeder found (6) 
that rains followed 22°-halos within 12 to 18 hours, and 
46°-halos within 24 to 36 hours. This would indicate 
that, for Missouri at least, the opposite of the idea ex- 
pressed in the two proverbs is true. 


(11) A lunar halo indicates rain, and the number of stars inclosed the 
number of days of rain. 


No relation is apparent between the number of stars 
visible inside of a halo and the number of days of rain. 
The number of stars visible inside of a halo depends upon 
many facts, such as the part of the sky, the density of 
the cirro-stratus cloud, and the transparency of the lower 
air. 


(12) The circle of the moon never filled a pond, 
The circle of the sun wets a shepherd. 


While no data are available showing a difference in the 
amounts of rain following solar and lunar halos, Table 3 
shows that on the average for the year as a whole, solar 
halos are followed by precipitation 9 per cent more fre- 
quently than are lunar halos. As far as the earth’s 
atmosphere is concerned, the physical explanations of the 
two kinds of halos are similar. 

(13) A halo around the sun indicates the approach of a storm, within 
three days, from the side which is the most brilliant. 


(14) Halos predict a storm at no great distance, and the open side of 
the halo tells the quarter from which it may be expected.— 
(Scotland.) 


While these two proverbs at first appear to express a 
paradox, both are probably true statements, and may be 
explained as follows: As the cirrus and cirro-stratus 
fronds push across the sky in the region of the sun the 
halo first appears and subsequently becomes brighest in 
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that part of the arc from which the cyclone is approach- 

ing. Later the halo becomes complete and the light is 

homogeneous throughout. As the storm advances, alto- 
stratus cloud arrives and obliterates the original and for 

a time the brighest part of the halo, that is, the side 

nearest the oncoming storm. Both proverbs are true 

generalizations but refer to different times in the life his- 
tory of the halo. 

(15) Double or treble circles round the moon foreshadows rough and 
severe storms, and much more so if these circles are not pure 
and entire, but are spotted and broken.—{ Bacon.) 

When halos are double or treble it signifies that the 
cirro-stratus cloud is relatively thick, such as is likely to 
be the case in a deep and hence well-developed storm. 
Broken halos indicate a much disturbed state in the upper 
air, with precipitation near at hand. 

(16) If there be a ring or halo around the sun in bad weather, expect 
fine weather soon. 


(17) If the — sun be encompassed with an iris or circle of white 
pling - they equally fly away, this is a sign of fair weather.— 
ny. 


(18) If the sun or moon outshines the “brugh,’’ bad weather will not 
come. 

These three proverbs may refer to the halo often observed 
at the rear of a cyclone, and belong to the type referred to 
in Table 2, as halos preceded but not followed by precipi- 
tation. Or they may refer to a halo on either side of the 
path of the precipitation area, this type of halo being 
neither preceded nor followed by precipitation. 


(19) A halo round the moon is a sign of wind.—(China.) 

(20) A circle or halo round the moon signifies rain rather than wind, 
unless the moon stand erect within the ring, when both are por- 
tended.—(Bacon.) 

(21) A white ring round the sun towards sunset portends a slight gale 
the same night; but if the ring be dark or tawny, there will bea 
high wind the next day.—( Bacon.) 
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(22) If there be a circle round the sun at rising, expect wind from the 
quarter where the circle first begins to break; but if the whole 
circle disperses evenly there will be fine weather.—(Bacon.) 


In the present study the relation between halos and 
wind was not investigated. However, the four proverbs 
referring to wind seem to be applicable to the wind at 
the rear of a cyclone which usually accompanies the 
clearing conditions following precipitation. 


(23) A halo oft fair Cynthia’s face surrounds, 
With single, double, or with triple bounds: 
If with one ring, and broken it appear, 
Sailors, beware! the driving gale is near. 
Unbroken if it vanisheth away— 
Serene the air, and smooth the tranquil sea. 
The double halo boisterous weather brings, 
And furious tempests follow triple rings. 
These signs from Cynthia’s varying orb arise— 
Forewarn the prudent, and direct the wise. 

—Aratus (J. Lamb). 
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SECTION II.—GENERAL METEOROLOGY. 


THE MICROBIC CONTENT OF INDOOR AND OUTDOOR 
ATR. 


By C.-E. A. Winstow, Chairman, & W. W. Brownz, Bacteriologist. 
[Dated, New York State Commission on Ventilation, Aug. 13, 1914.} 


Determinations of the microbic content of the atmos- 
here have been reported by many observers since the 

first studies made by Pasteur along this line, yet the 
results have never been correlated and systematized so 
as to furnish standards which could be accepted as rep- 
resenting normal values for air from different sources. 
The New York State Commission on Ventilation, whose 
researches are supported by a generous gift from Mrs. 
Elizabeth Milbank Anderson, made through the New 
York Association for Improving the Condition of the 
Poor, decided that one of its tasks must be to digest the 
mass of published data upon this subject and to carry on 
such original work as might be necessary to establish 
such normal values for the microbic content of the at- 
mosphere as are now at hand for its chemical constitu- 
ents. The results of the new work of the commission 
along this line are briefly presented here. 

A total of 353 samples of air were examined during the 
first six months of the present year, obtained from four 
different groups of sources, which we have classed under 
the headings: Country, City, Offices, and Factories. 
The samples of ‘‘Country air” (85 in number) were col- 
lected in woods and fields, on country roads and over 
water in suburban districts near New York City. The 
“City air” (134 samples) was obtained in the streets of 
New York City itself. The ‘‘Office’’ samples came from 
three different sources: Nineteen of them from a com- 
mercial office in downtown New York, 49 from a large 
commercial establishment on West Twenty-third Street, 
New York, and 19 from the United States Senate Cham- 
ber, Washington, D.C.—87in all. Of the 47 “Factory” 
samples, 25 came from a cigar factory and 22 from a hat 
factory in New York City, representing crowded and 
somewhat dusty trades. 

The samples of air were collected and examined by the 
methods prescribed by the Committee on Standard 
Methods for the Examination of Air of the American 
Public Health Association.!. In each case 5 cubic feet of 
air were drawn through a 1-centimeter layer of 80-mesh 
sand by means either of a hand pump or of the ingenious 
air-sampling pump made by Wallace and Tiernan of New 
York and used by Prof. Charles Baskerville and the senior 
author in their study of air conditions in New York City 
schools.?, On returning to the laboratory the microbes 
collected in the sand were washed out o shaking the 
sand up in 10 ce. of water and aliquot portions of the 
water were plated in the usual manner. 

The results of the first determination made, the count 
of microbes developing on gelatin at 20° C. in 4 days, are 
summarized in Table 1. The results of the study of New 
York schoolroom air by Profs. Baskerville and Wins- 
low are also included for comparison, since the methods 
used are identical. 


1 American Journal of Public Health, 3: 78. 
2 Report of the Committee on School Inquiry, Board of Estimate and Apportion- 
ment, City of New York, 8; 1911-1913, 


TaBLE 1.— Microbes in air from various sources (gelatin, 20°C.). 


[Percentage of samples in each case.]} 
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It will be noted that we have called the organisms 
found ‘‘microbes”’ and not bacteria. Many observers 
have distinguished, by the appearance of the colonies, 
between molds and bacteria. Many mold colonies are, 
of course, clearly recognizable, but we are inclined to 
believe that in other cases the distinction can not be made 
by the eye alone and we have therefore grouped them 
all together. 

The maximum counts recorded, and the only ones over 
500, were counts of 700, 705, and 735, all in the business 
offices. The average for country air was 56; for city 
street air, 72; for offices, 94; for factories, 113; and 
for schools, 96. 

The country air is evidently freer from microbie life 
than that of the city streets, and the factory air has clearly 
the largest content. The offices and schools show an 
average between the last two, but in the case of the 
offices it should be noted that the average is the result 
of a number of low values and a few excessively high 
ones. 

In addition to this determination of the microbes 
that will develop at 20° C. we also made a count upon 
litmus-lactose-agar at 37° C. to get the microbes capable 
of development at body temperature, which would 
include bacteria from the human mouth. The ratio 
between the 20°- and the 37°-count is known to be sig 
nificant in water examinations where a high ratio suggests 
sewage pollution, but very little is known of this ratio in 
air. The results of our examinations are indicated in 
Table 2. 


TABLE 2.— Microbes in air from various sources (lactose-litmus-agar, 
87° C.). 


{Percentage of samples in each case.] 


‘ic feet. | x =| = | mis mid > 
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Four of the counts recorded were over 500; one of 5,200 
was in the country; two of 1,070 and 1,647, respectively, 
were in one of the commercial offices, and one of 885 
was in the cigar factory. 

The average value for the country air was 30 microbes 
per cubic foot; for the city streets, 32; for the offices, 80; 


| 
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and for the factories, 63. As before, the country air is 
distinctly freer from microbic life than the atmosphere 
of the city, although a single high value for the country 
brings their general averages close together. The 
factory air is higher in content than any other group, 
so far as the general distribution of results is concerned. 
The office samples, as before, show many very low and a 
few very high counts, the latter bringing the average up 
above even that for factories. 

The ratio of the 37°-count to the 20°-count was about 
1 to 1.9 for country air, 1 to 2.4 for city air, 1 to 1.2 for the 
offices, and 1 to 1.8 for the factories. All these ratios are 
high in comparison with those we find in water of good 
quality. 

Finally, we made an estimate of the number of mouth 
streptococci present by isolating pure cultures from any 
colonies characteristic of this group upon the litmus- 
lactose-agar plates and studying their morphology and 
fermentation reactions. The lactose fermenting organ- 
isms when found in air appear to be chiefly derived from 
the human mouth and to be reasonably good indices of 
mouth pollution of the atmosphere. e results of this 
study are indicated in Table 3 with a summary of the 
20° and 37° averages previously discussed. 


TABLE 3.—Average microbic content of the air from various sources. 


Samples. Microbes per cubic foot.| strepto- 

coce r 

100 cubic 

Source. Number. 20° C, 37° C. feet. 


So far as the presence of mouth streptococci is con- 
cerned, there is a clear distinction between outdoor and 
_ indoor air, the former having less than half as many 
streptococci as the latter, while the factory air is more 
polluted than the air of the offices and schools. 


Conclusions. 


In general it may be concluded from this survey of the 
microbic content of 353 samples of air from various 
sources that: 

1. The number of microbes developing at 20° C. from 
outdoor air in suburban districts is generally under 
50 per cubic foot and rarely over 100. 

he count at 37° C. for such air is about half that at 
20° C. and rarely over 50 per cubic foot. The number of 
mouth streptococci in such air is small—in the neighbor- 
hood of 10 per 100 cubic feet. The air from more remote 
regions would no doubt show still smaller numbers. 

2. The air of city streets shows a slightly higher number 
of microbes, but the general relations are much the same 
in all the respects noted above. 

3. The air of occupied spaces shows, as might be ex- 
pected, larger average numbers of bacteria and much 
greater fluctuations. The 20°-count may average over 
100 microbes per cubic foot, as in the factories studied, 
and may reach 700 or more, as in some of the offices. 
The 37°-count averaged over 50 both in factories and 
offices and was nearly as high as the 20°-count in the 
latter case. A few very high 37°-counts were obtained, 
two between 1,000 and 2,000 in offices, and one of 5,200 
in the country, the latter clearly abnormal. Mouth 
streptococci are much more abundant in indoor air, 
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ranging from 20 to 40 per 100 cubic feet of air, and the 
results bear out the conclusion that the number of these 
organisms furnishes a good measure of mouth pollution 
due to concentration of population in confined spaces. 


THEORETICAL METEOROLOGY: MORE PARTICULARLY 
THE THERMODYNAMICS OF THE ATMOSPHERE. 


(Communicated to the International es as Congress at Chicago, Ill., August, 


By Pror. Dr. WILHELM von BEzoLD. 
[Dated: Kgl. Preussisches Meteorologisches Institut, Berlin, July 12, 1893.] 


[The late Wilhelm von Bezold was born June 21, 1837, at Munich, 
and died at Berlin on February 17, 1907, at the age of 69. At the time 
of his death he was director of the Royal Prussian Meteorological Insti- 
tute and professor of meteorology in the University of Berlin, a position 
he had held since 1885. From 1868 to 1885 he was professor of physics 
in the Technische Hochschule at Munich, Bavaria, where he had also 
been actively engaged from 1879 to 1885 in organizing and directing 
the Bavarian meteorological réseau and service. A brief notice of his 
pen is given in the MonTHLY WEATHER Review for February, 1907, 

:73. 

The present paper was ges for publication between 1901 and 
1912, but publication has been delayed for the reasons stated in the 
MonrTHiy WEATHER Review for February, 1914, 42:93.] 


Strictly speaking, theoretical meteorology—except 
meteorological optics and the study of atmospheric elec- 
pea lon nothing but a most complicated hydrodynamic 
and thermodynamic problem. 

The condition existing at a certain point of the atmos- 
phere at any given moment is fully determined by the 
pressure of the air, its temperature, the amount and char- 
acter of the moisture contained in a unit of volume, and 
the direction and velocity of motion. 

If these elements are also given for neighboring points 
of space, or specially the changes that occur in the passage 
from a given place to another adjoining it, and if one also 
knows the amount of heat that is added to or abstracted 
from the particle of the atmosphere under consideration 
in a unit of time, then one has all the elements that deter- 
mine the change in the given conditions of the air. If it 
were pera to unite these quantities in an equation it 
would be regarded as the fundamental equation of the 
whole of the theoretical meteorology. 

However, even if one should succeed in formulating it, 
this equation could never attain a practical value, since 
it would be so involved that a discussion of it would be 
attended with the greatest difficulties. It would at all 
events be necessary to subsequently introduce most 
extensive simplifications and then to disregard first one 
and then another of the variables occurring init. There- 
fore, it has not yet been even attempted to attack the 

roblem from so general a point of view but rather to 
ollow the opposite path. Special cases have been se- 
lected in which sometimes one and sometimes another 
group of the elements above enumerated have been 
omitted from consideration, and thus the great problem 
has been resolved into separate problems and general 
theoretical meteorology has been treated in separate 
sections. 

In this manner the statics and dynamics of the atmos- 
phere, as well as the thermodynamics, have been devel- 
oped as disconnected studies. This separation is not 
based on the nature of the subject but 1s rather only a 
consequence of the impossibility of attacking the prob- 
lem in its complete generality. It is preceey. because 
this separation has no natural basis that it introduces 
many impossibilities, one may even say, dangers. It is 
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weno wet f therefore, to closely examine the hypotheses 
involved in this analysis into separate studies. 
This can be most easily done, as it seems to me, by 


assuming that the general equation mentioned in the | 


beginning as connecting all the elements is really known | 


and has been formulated. With these assumptions we 
should only have to equate the velocities and accelera- 
tions, as also the increase of heat, each to zero in order to 
convert that equation into the fundamental equation for 
the static ony Fr of the atmosphere, i. e., into the 
barometric formula. 


Assume, as above, that there is no increase or loss of | 
heat, that the changes of temperature due to compression | 


or expansion need not be taken into account, and that no 
chang? of aggregation takes place in the water that is 
mixed with the air; then when we express the relations 
between the distribution of pressure, velocity, and acceler- 


occurs. 
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regarding the cooling of the ascending current as a conse- 
quence of the work expended in raising the mass of air— 
work which, in reality, is performed by other air masses 
that are sinking in othe places. 
Again, with a purely thermodynamic treatment of these 
uestions it would not have escaped our attention that, in 
the so-called adiabatic expansion of moist air, from the 
very beginning of condensation onward we have in gen- 
eral no longer to do with adiabatic changes of condition 
in the ordinary sense of that term. Properly speaking, 
adiabatic changes occur only so long as all the water origi- 
nally present is carried along with the air; as soon as some 
of the water falls as rain an important change of condition 
For whereas in the reversible changes of condi- 
tion ordinarily considered that occur without gain or loss 
of heat, the entropy remains unchanged; on the other 


_ hand, this is not true in the case of the formation of pre- 


ation, we should attain the dynamics of the atmosphere in | 


the ordinary sense of the word. 

Thus it is seen that the hypotheses made in this case are 
by no means of so harmless a nature as those which under- 
lie the hypotheses of statics in the atmosphere. The as- 
sumption that velocities and accelerations are equal to 
zero—that is to say, that equilibrium exists—is perfectly 
admissible; but disregard of the warming by compression 
is an omission that can not be allowed. It 1s precisely on 
account of this and similar assumptions that many inves- 
tigations into the dynamics of the atmosphere acquire the 
character of very crude approximations. 

It is precisely the enormous difficulties offered by these 
problems that will oblige us to be content with such ap- 


cipitation by the so-called adiabatic expansion. In the 
latter case one has to deal with processes that are indeed 


_ reversible in the very smallest parts and therefore apart 


from very insignificant corrections, may also be calcu- 
lated numerically as such—yet are not reversible when 
considered as a whole. 

It is precisely because moist air exhibits this peculiar 
behavior when in the condensation stage that the cyclic 
ay of the atmosphere are so essentially distinct 
rom all others that we have been accustomed to con- 


sider. Formerly these peculiarities were never empha- 


| sized, but they at once became prominent as soon as the 


proximations for a long time to come; it is, however, im- | 
portant that we should always keep them in mind and if | 


ossible estimate the magnitude of the resulting error. 

‘he conditions attending the thermodynamic investiga- 
tions are much more favorable than those attending the 
study of the dynamics proper of the atmosphere. 

In thermodynamics one considers only the relations 
between pressure, density or specific volume, and mois- 
ture, and gain or loss of heat, while the space coordinates 
of the element of the atmosphere under consideration, as 
well as its movement, are entirely disregarded. Of these 
two assumptions the first (neglect of location) is entirely 
admissible, the latter (neglect of motion) is also admis- 
sible on the assumption that the energy of the translatory 
movement is infinitesimally small in comparison with the 


amount of heat that is exchanged or converted into work | 
or gained by work, and in the majority of cases to be | 
considered, this second condition is satisfied to a high | 


degree of accuracy. 
ence it follows also that the thermodynamic processes 


gated without considering the velocity of the current, be- 


_ dynamic study of the cyclic processes of 


cycles in the ascending and descending currents began to 
be studied from a purcly thermodynamic standpoint. 

From these examples it may b2 seen how well founded is 
the assertion made above that the analysis of theoretical 
meteorology into separate studies, although only an ex- 
pression of our inability, offers also certain advantages. 

However, in order to profit by these advantages, it is 
necessary to make this subdivision as discreetly as possi- 
ble, and to deduce as completely as possible all the conse- 
quences that can be drawn under definite simplifying 
hypotheses. It is only when this is accomplished that we 
should try to discover how matters shape up as we grad- 
ually begin to take into account the elements that were at 
first neglected. In this manner connecting bridges are 
built between the separat2 branches of our subject. 
Often this is accomplished, to a certain extent, sponta- 
neously since it suffices to simply observe from a new 
standpoint the results previously obtained under certain 
other assumptions. 

I will exemplify this by showing how the purely thermo- 

atmosphere 


i _ leads to important conclusions in regard to the gencral 
in ascending and descending air currents may be investi- , 


cause the energy of this latter is exceedingly small in com- | 


parison with the work of expansion or compressicn to be 
done by the ascent or descent. 
these investigations hold good, therefore, without consid- 
ering whether the expansion or compression are actual 
consequences of an ascent or descent, or whether they are 
produced by some other cause. 


The results obtained in | 


Moreover, this last-named point shows that the division | 
_ Investigations in order to clearly present the formule 


of the general problem into special problems, as made nec- 
essary by 
subject into separate studies, also has its own peculiar 
advantages. 


of the ascending and descending currents of air always 


ad the problem of the cooling or warming — 


the complicity or the subdivision of the whole | 


oeen regarded irom a purely thermodynamic point of | 


view without previously introducing the altitudes into the | days. 


circulation of the atmosphere. 

The entire circulation of the atmosphere depends upon 
great cycles. The air rises at some point, ore only after 
passing through the most varied conditions—after giving 
and receiving both heat and water—finally descends, and 
after still further changes of condition begins the process 
over again. In order to show all these changes clearly 
and not to lose the guiding thread of these considerations, 
it is best to represent the changes graphically. This 
method is as advantageous in the execution of theoretical 


and trains of thought, as it is in presenting and discussing 
the material obtained from observation. 

In thus utilizing graphic methods one may employ the 
method or presentation adopted by H. Hertz, or the more 
general method of Clapeyron, as I myself showed in those 
It must, however, be borne in mind that the curves 


computation, we could never have fallen into the error of | drawn by the Watts indicator are nothing but diagrams 
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drawn according to the Clapeyron method. Of these two 
methods of presentation, the former is better adapted for 
graphic computations, while the latter offers special ad- 
vantages for theoretical investigations. On the other 
hand, both methods have one defect which is, indeed, of 
only very minor fundamental importance, but which may 
yet be found annoying by those who have had little ex- 
perience in considerations of this kind. 

This defect arises from the fact that in both of these 
methods the changes of condition experienced by an 
ascending mass of air are represented by falling curves 
and those of a descending mass of air by rising curves. 
This, however, is a difficulty that can easily be overcome 
by changing the coérdinates, as has already been done 
by Prof. William M. Davis for the Hertzian diagrams. 

I will, however, here assume that the more generalized 
Clapeyron method is employed in its usual form; that is 
to say, the volume is represented by the abscissse and the 
pressure by the ordinates. If we represent a cycle by 
this method, then, as is well known, the areas of the 
surfaces inclosed by the diagram are a measure of the 
work done or consumed. In the extension of this 
theorem, as used by me, the simple diagram is replaced by 
the projection of the space-curve representing the change 
in condition, and hereafter I shall refer to this projection 
briefly as the diagram. 

The question whether in this process work is done or 
consumed, can be answered at once from the direction 
along which the curve is traversed. If the change in 
condition proceeds in such a way that the diagram 
inclosing the surface is traversed in a clockwise direction, 
then heat is consumed and by this process work is gained; 
in the opposite case, work is consumed and heat is gained. 
Therefore in any atmospheric cycle, e. g., in the exchange 
of air between cyclone and anticyclone, it suffices to enter 
in the diagram the actually observed values of the pres- 
sure and volume (or what amounts to the same thing, 
the values of pressure and temperature) in order to at 
once recognize whether in this process we have to do with 
a consumption or a gain of heat. 

If, for instance, we assume that the atmospheric ascent 
took place in a summer cyclone in which the temperature 
is lower than in the attendant anticyclone, then the repre- 
sentative diagram will be traversed in a counter-clockwise 
direction. In this case, therefore, there is a consumption 
of work and a gain of heat. But such a process can not 
possibly contain within itself the germ [or cause] of its 
existence, since the earth receives energy from without 
only in the form of heat, which is delivered by the sun 
at a higher temperature and subsequently radiated from 
the earth at a lower temperature. 

The great atmospheric cycle as conditioned by the 
general circulation must, therefore, be traversed in an 
opposite direction to that just described. It must, in 
fact, be one in which heat is converted into work. 

Processes such as that above imagined, although they 
do seem to correspond to the interchange between 
cyclone and anticyclone in summer time, are neverthe- 
less never to be explained by the convection theory, but 
are only conceivable in case the great cycle of the general 
circulation delivers an excess of ney eee energy in 
order to develop or sustain smaller processes of the 
opposite kind. 

rom this it.is clear that even pure thermodynamic 
considerations may lead to results that are of the greatest 
importance for the understanding of dynamic processes. 
Consequently, we recognize that it is a problem of the 
highest importance to test numerically by means of 
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well-established observations the considerations here set 
forth. The construction of such diagrams by use of 
actually observed data would lead to the most far- 
reaching conclusions. 

Of course, it will not be easy to obtain the values for 
truly closed cycles, since probably only a part of the air 
that is raised in the cyclone and transported over to the 
neighboring anticyclone returns again into the same 
cyclone. Still the classification of temperatures observed 
at different heights, according to the cyclonal or anti- 
cyclonal character of the weather, will be a contribution 
in this direction. 

In this work the data given by observations on moun- 
tain tops can, of course, be used only with great caution. 
The really decisive figures can only be expected from 
scientific balloon voyages. Among such voyages the 
most favorable for the investigation of the questions here 
considered are those in which the ascent takes place in 
an area of low pressure but the descent in the neighborin 
anticyclone, or conversely. Then the ascending an 
descending portions of the curve actually belong to- 
gether. Such voyages have already been made, but it is 
of the highest importance that in these voyages numerous 
observations be obtained, not only during the ascent but 
also during the descent. 

Unfortunately all these investigations suffer from the 
misfortune that in the atmosphere we have to do, not 
with masses of air that are subject simply to variations 
of pressure and gain or loss of heat, but with the fact that 
mixtures with other masses of air of different tempera- 
tures and moistures are always going on at the same time. 
So long as the amount of moisture remains the same, and 
we do not leave the dry stage, then the mixture with air 
of other temperatures acts precisely asif a warming or cool- 
ing had occurred, but the case is more complicated when 
the moisture is variable. 

If, in a current of ascending or descending air, the quan- 
tity of moisture in a unit mass remains unchanged, then 
we are justified in supposing that no mixture with other 
masses of air has taken place. Thechange in the quantity 
of moisture, therefore, gives in a certain sense a measure 
of the degree of mixture with foreign masses of air, but 
always only under the assumption that it has not left 
the dry stage. 

But these are questions whose thorough explanation 
would lead us ey em At present it is only necessary to 
show that from the diagrams of atmospheric cycles con- 
structed from data actually observed, the most important 
conclusions can be drawn as to the general circulation of 
the atmosphere. In the construction of these diagrams, 
however, we need above all a knowledge of the tempera- 
ture and the moisture at different altitudes in the regions 
of ascending and descending currents and at different 
times of the day and the year. Moreover, the investiga- 
tions should not be confined to processes going on in 
middle latitudes; they must especially bear upon the great 
circulation between the region of equatorial calms and 
the high pressure zones of the ‘‘horse” latitudes. 


ICE STORMS OF NEW ENGLAND. 


A welcome study of the ice storms (verglas; Glatteis) 
that have been observed over New England and notably 
at Blue Hill Observatory, Mass., has just come from the 
pen of Charles F. Brooks. 


1 Brooks, Charles F. The ice storms of New England. Cambridge ay > 8p. 2pl. 
arv. 


Coll., v. 


University publication.) [Reprinted from Annals, 
spt. 4. 
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The author finds the following combinations of condi- 
tions which may produce ice storms when there is precipi- 
tation: 

I. Temperature of the air below 0°C. 

II. Temperature of the air above 0°C. and 

A. Temperature of the rain below 0°C. 
1, From passing through a stratum of cold air; 
2. From cooling by evaporation in nonsaturated air. 
B. Temperature of the rain above 0°C. and 
Tengen of the objects coated, below 0°C. 
1. Because of residual cold; 
2. From cooling by evaporation in nonsaturated air. 

He finds that no heavy ice storm occurs when the tem- 
perature of the surface air is above 0°C., and that no con- 
siderable ice storm has occurred at Blue Hill, Mass., under 
such conditions; but the above considerations show it to 
be not impossible. When the temperature of objects and 
the temperature of the lower air also is above 0°C., it is 
clear that even undercooled rain and such ice pellets as 
may reach the ground will not be able to form an ice coat- 
ing. When the air is below 0°C., undercooled rain or 
ice pellets will not adhere in the frozen state to ot at 
a higher temperature; but the dripping water will freeze 
into icicles. If the lower air is warmer and the under- 
cooled rain, etc., does succeed in forming an ice coating 
on previously cooled objects, still the surrounding air will 
cause the ice coating to melt without forming icicles. Ice 
storms may occur with a temperature as low as —13°C.; 
it may rain hard or gently; the wind may be from an 
direction, a gale or a calm; the temperature may rise, fall, 
or remain stationary. 

The author then presents a diagram showing graphi- 
cally the. vertical and horizontal distribution of tempera- 
ture conditions as they affected the precipitation that 
accompanied the storm of January 5-6, 1910, at Blue Hill. 
It appears from that study that the ice storm lasted about 
six pee at the valley station (18 meters above sea 
level) and a little over one hour at the summit (195 
meters above sea level), while a neighboring station 
standing above 400 meters would have experienced no 
ice storm at all. ‘‘Thus local topography has a great 
effect on the intensity and extent of an ice storm.’ 

espn inquiring into the distributions of pressure and 
wind that cause these ice-storm temperature inversions it 
appears that there are three general wind conditions 
which produce them: 

(1) Warm air arriving over residual cold air (the 
‘‘southerly”’ type). 

(2) Cold air coming in below while warm air is arriving 
above (the ‘‘northeasterly’’ type). 

(3) Cold air from the north or west pushing in below a 
rain cloud (the ‘‘northwesterly”’ type). 

The ideal conditions for the first type occur when, after 
the air next the ground has been strongly cooled by radia- 
tion during an anticyclone, a cyclone advances rapidly 
toward New England. The conditions during January 
5-6, 1910, already referred to, furnish an excellent illus- 
tration. A pronounced anticyclone (1,043 mbars)? had 
been replaced within 24 hours by a cyclone from the west- 
southwest bringing a large supply of warm, moist air on 
south winds in front of a fom 3 extending to the Gulf of 
Mexico. 

The ideal conditions for the second type are presented 
when there is a good supply of warm siitheen air from an 
active cyclone in the south at the same time that an 
anticyclone in the north is supplying cold air. The north- 


2? The author used the Harvard College notation of absolute units; Pan in con- 
formity with the ideas put forward by Prof. A. E. Kennelly in this Review, March, 


1914, 42: 141, section 3. The editor here adheres to the prevailing international usage 
among 


meteorologists, viz, the bar of Bjerknes. 
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east wind blowing toward the southern cyclone is pushing 
cold air in under the warm air flowing northward from the 
eastern portion of the cyclone to the south. Often, how- 
ever, the undercurrent from the northeast is not cold 
enough to wholly counteract the warming effect of the 
south wind pes Feat then the temperature may remain 
stationary or even rise slowly instead of falling. An ice 
storm of this ‘‘northeasterly”’ type occurred February 
19-22, 1898, also on December 23, 1908, and February 9, 
1905. In this last case a kite flight at Blue Hill showed 
the lower wind ESE. with gradually falling temperature 
(—1° to —2°C.), the valley temperature being a few de- 
grees higher. Up to almost 800 meters the V. T. G. was 
nearly the normal adiabatic one; but at 885 meters there 
was an inversion to +0.5° from a minimum of —3° C. at 
760 meters. At that level was the base of an arriving 
warm southeast wind; snow had been falling for the pre- 
ceding hour and a half. A similar ice storm occurred over 
all of northern Germany on October 19-21, 1898 (see full 
account in Das Wetter, Berlin, November, 1898, p. 247— 
260); but in that case both the northeasterly and the 
northwesterly types were in progress simultaneously at 
different levels. 

The ‘‘northwesterly” type is about the reverse of the 
first or ‘‘southerly’”’ type. The cold air wedges in below 
while rain is still falling above. The changes in the form 
of the precipitation occur in the opposite order also. The 
‘‘wind-shift line,” or boundary between two currents hav- 
ing different directions and temperatures, is of common 
occurrence but its passage is not frequently accompanied 
by an ice storm. February 15, 1906, presented a repre- 
sentative storm of this type over the United States, al- 
though the beginning of the storm belonged to type 2. 

Owing to the fact that a single ice storm often falls under 
two or even three of the types described, we may best 
classify them according to the positions and movements 
of the highs and lows producing them. Two large divi- 
sions may be made on this basis: A. Storms in which 
anticyclones in the north dominate cyclones on the south; 
B. Storms occurring from cyclones and anticyclones in the 
usual regular sequence. All the 31 ice storms occurring 
under conditions A were either of type 2 or a combination 
of types 2 and 3; 11 of these were severe storms. 

Most of the ice storms studied occur under conditions B, 
the severe ones being most common when the low comes 
from the Gulf of Mexico. The following tabulation shows 
the frequencies of the different types: 


Storms. 


The ‘‘northeasterly” type is favored by southern lows 
and northern highs; the ‘‘southerly”’ type by the low 
crowding in close behind the high; and the ‘‘northwes- 
terly”’ type comes most frequently when the high arrives 
close behind the low. 

The distribution of ice storms by months was as follows: 


The earliest fall storm came on November 8-10, 1894, 
and the latest spring storm was on April 30, 1909. 

Among extraordinary features accompanying different 
storms at Blue Hill may be mentioned an inversion of 
8° C,, lasting many hours during the storm of January 
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22-23, 1904. During this storm the alternating gusts 
that affected only the top of the Hill caused simultaneous 
temperature fluctuations of 5° in either direction, lasting 
but as many seconds, as though the summit of the Hill 
were precisely at the waving boundary between the upper 
warm current and the lower cold current. The week 
January 12-17, 1909, brought three severe ice storms to 
the Hill. The kite flight of the 15th occurred between 
two of these storms and showed a most interesting rapid 
destruction of the inversion by the advent of the anti- 
cyclone, there being an inversion of 6° between 950 m. 
and 1,050 m. at 11 a. m., by noon the inversion had 
diminished in strength but doubled its areal extent, and 
at 4 p.m. it had disappeared. During this time the sum- 
mit temperature at Blue Ilill had remained stationary. 

Mr. Brooks concludes as follows: 

Regions of strong cyclonic action bringing precipitation and highly 
variable temperatures seem to be most subject to ice storms. Thus 


eastern North America and western Europe are particularly susceptible. | 


Toward the continental interiors when cyclones are weaker there is 
a diminishing frequency of ice storms. In this country, as in Europe, 
cyclones frequently support an ice storm for a considerable distance 
across country. For instance, the ice storm of February 21-22, 1913, 
began in Texas and eventually crossed New England. The storm of 
January 5, 1910, was reported as causing much damage in New Jersey 
the morning of January 5. 

To forecast these storms for New England is even more uncertain 
than to forecast rain or snow, for the belt of occurrence is generally 
narrow. Ice storms may much more local than snow storms. 
Predictions must be based on the occurrence of cyclonic and anti- 
cyclonic positions favorable for ice storms, and in making forecasts 
indications of an ice storm already in progress in the West would 
help. * * *—{c. jr.] 


AN APPRECIATION. 


In the Belgian journal Ciel et Terre (Brussels) for 
June, 1914, we find published a full-sized official reprint 
copy of the Daily Weather Map of the Northern [!emi- 
s io for May 1, 1914, as published by the United States 
Weather Bureau. This reprint serves to illustrate an 
article by Vandevyver ! in the same issue of that bulletin, 
extracts from which are presented below as they will 
undoubtedly interest American meteorologists at this 
time. 

The map on the back [of the Daily Weather Map of the United 
States] (in equidistant English projection) seems made especially to 
delight the meteorologist who aspires always to see things from above, 
secretly hoping that he may thus more rapidly solve the problems 
presented by the elements in whose midst we live. 

Ata glance one may now grasp the situation over the whole Northern 
Hemisphere as regards cyclones and anticyclones which play, as we 
know, so important a réle in the forces of nature, and we see at the 
same time the distribution of temperatures. 


What is particularly interesting to the professional is the day-to-day | 


comparison of these charts; we certainly make no mistake in predict- 
ing that this innovation will be productive of discoveries, and that 
detailed study of these charts will put us on the right track, if not 
of the real and complex causes of the origins of these variations, at 
least of the systems to which their movements belong—which will 
add great weight to the value of the forecasts. : 

At first glance the notations of the map are a little disconcerting. 


The fact is that here the C. G. 8S. system of absolute units has been | 


1 Vandevyver. Les nouvelles cartes synoptiques du ‘‘ Weather Bureau’’ de Washing- 
ton. Ciel et terre, Bruxelles, 1914, juin, 85: 169-172. 
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adopted for the barometric pressures, and the readings are expressed 
im bars; the bar corresponding to a force of 10 dynes (1,000 millibars 
being equal to 29.53 inches, or 750.06 mm. of the normal mercury 
— and the temperature is given in terms of the absolute zero, 

It goes without saying that, from a strictly scientific standpoint, one 
can but —- of the adoption of these units; but in consideration 
of the fact that, on the one hand, the very young science of meteorology 
must be made to appeal to all its well-wishers (and for this very reason 
must reach out beyond the limited circle of the profession) and on the 
other hand, in view of the wide distribution planned for this chart, it 
is not a priori clear what advantage is to be gained by thus breaking 
away from the deeply rooted customs of the general public. 

Except for this gentle criticism, which is, moreover, but an expres- 
sion of a personal opinion and detracts nothing from the work of the 
Weather | any we are certain that our readers will unreservedly 
admire the excellent chart that we present. 

I have collected,” for teaching purposes, samples of a large number 
of meteorological charts published. in Europe, and we must admit that 
the American publication far surpasses the similar ones that have been 
secured from other countries. 

Undoubtedly the reader will ask for the cause of this inferiority. 
There are various reasons; I believe one of the most important is the 
scattering of our efforts. The practical Americans have concentrated 
the whole meteorological service of their vast territory at one single 
point and have thus been able to give the resulting total the scope 
that we see before us. In Europe, on the other hand, each country is 
confined to its own boundaries, be they broad or narrow, and gives 
only what these permit. The total interest, energy, and initiative Europe 
thus expends, probably equals if it does not exceed that dedicated by our 
trans-Atlantic neighbors; but our efforts lack coordination and, to use 
a business phrase, our enormous general expenses tie up a large portion 
of our capital.* 

Because of its geographical location [on the western shores of the 
continent] all of western Europe is in a rather difficult position from 
the meteorological point of view. * * * 

In short everything seems to argue in favor of the creation of a cen- 
tral meteorological service for Europe, well planned and well organ- 
ized such as is that which exists for America. But alas, our ancient 
Europe, with its yet more ancient ideas, has difficulty in escaping 
from the grip of chauvinism. We allow ourselves to be stifled under 
the enormous expenses incurred by our military affairs * * * and 
we can not find on our old earth one voice carrying weight enough to 
stop these follies. We throw our millions into the gulf of an almost 
criminal insanity without being able to bring about that calm of which 
we have such need, and to which we all aspire. America, taking a 
broader view, has thus far relegated to the background that which we 
have placed first, and she can thus further the greater good of humanity 
by giving more liberally to science and to progress. 

Let us thank her for this beautiful example that she sets us, and vow 
that some day Europe, wiser, shall do as well. 


NORTHERN HEMISPHERE MAP INTERRUPTED. 


The following announcement appears on the Weather 
Map of the Northern Hemisphere for August 6, 1914: 


Owing to the state of war involving the great nations of Europe, the 
meteorological observations from regions in Europe and Asia hereto- 
fore employed by the Weather Bureau in the construction of its chart 
of the Northern Hemisphere are no longer received, and the issue of 
this map will be sus sete from this date until such time as the reports 
can be resumed. The publication of the daily map of the United 
States will be continued as heretofore, and those recipients of the ma 
of the Northern Hemisphere who make application therefor, includ- 
ing paid subscriptions, will be listed to receive the weather map of the 
United States. Unless application is received the map will not be 
sent, except to paid subscriptions. 

C. F. Marvin, 


Chief of Bureau. 


2 Such a collection may be seen, displayed in frames in the library of the Washington 


| Office of the U.S. Weather Bureau.—{c. A., jr.] 


8 Italics are ours.—EDITOR. 
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SECTION Iil.—FORECASTS. 


STORMS AND WARNINGS FOR JULY. 
By Epwarp H. Bowr, District Forecaster. 


[Dated Washington, D.C., Aug. 12, 1914.] 
NORTHERN HEMISPHERE PRESSURE. 


Alaska. Over the Aleutian Islands pressure averaged 
above normal while other Alaskan stations showed pres- 
sure averages decidedly below, particularly Valdez and 
Sitka. The first half of the month was characterized by 
generally low pressure. Lows occurred about the 1-2, 
3—4, 8, 12, 14-15, 21-22, 24 and 30, and highs about the 
5-6, 15-16, 18, and 26th. During the latter half of the 
month pressure at Dutch Harbor was continuously above 
normal, pressure reaching a maximum on the 19th and 
24th of 30.42 inches. 

Honolulu.—-Pressure averaged slightly below normal. 
During the first half of the monih pressure was slightly 
above the seasonal average with lit tle fluctuation. Dur- 
ing the latter half, however, pressure was below normal 


generally. Lows occurred on the 16, 20-22, 25-26, and 
30-31. The principal high of the month occurred on 


the 10-11. 

Iceland.—Pressure averaged slightly above normal, be- 
ing almost continuously above from the 4 to 18 and from 
the 22 to the end of the month. Lows occurred on the 
1, 3, 7-8, and 19-21; and highs on the 5, 9-16, 22-23, 
and 26-28. 

Azores.—Changes over this region were not marked 
and pressure was generally above normal except from 
the 7 to 13 and on the last day of the month. The most 
important low of the month occurred from the 7 to 13, 
there being two centers apparently, one on the S—9 and 
the other on the 10. The only other depression of any 
consequence occurred on the last day of the month. 
High crests occurred on the 5-6, 16-17, and 27th with 
several minor crests during the last half of the month. 

Siberia. Pressure oscillations were slight but of fre- 

uent occurrence. The most important storms being 
those of the 7th, 10-11, and 14-15. Pressure for the 
month as a whole averaged about normal. 

Severe storms visited the Asiatic east coast about the 
24th and again on the 27-29. Pressure was low over 
northern Japan on the 24th, a pressure of 29.29 inches 
(744 mm.) being reported at Nemuro on that date. The 
other storm referred to was probably of subtropical 
origin, being first indicated at Shanghai on the 27th with 
a pressure reading of 29.21 inches (742 mm.) and later at 
Viadivostock on the 29th with pressure reading 29.06 
inches (738 mm.). 


PRESSURE OVER THE UNITED STATES. 


The month opened with an elongated area of high pres- 
sure extending from Maine southward to Bermuda and 
another over the western Plains States, a low of slight 
intensity beig over the Upper Lakes attended by show- 
ers through the middle Mississippi Valley and Upper 
Lake Region. 


The Lake Region disturbance moved eastward to the 
St. Lawrence Valley by the morning of the 2d with de- 
creased intensity and a secondary disturbance was over 
Rhode Island, which during the next 24 hours passed 
to the ocean. In connection with these dsuthaiiten 
showers and thunderstorms occurred from the Missis- 
sippi Valley eastward. 

The high area over the western Plains States moved 
southeastward to Missouri, thence northeastward to the 
Lower Lakes and thence southeastward to the Middle 
Atlantic coast. During the passage of this high across 
the Lower Lakes afternoon thunderstorms occurred 
quite generally throughout the middle and eastern Gulf 
States. 

On the evening of the 4th the wind circulation over 
Georgia indicated the development of a disturbance over 
that region. On the morning of the 6th vessel reports 
indicated the presence of this disturbance off the south 
Atlantic coast 200 or 300 miles southeast of Cape Hatteras. 
By the morning of the 7th it was over Long Island with 
increased energy, high winds being reported at Nantucket 
and Block Island. It passed to the Grand Banks during 
the 48 hours following. 

Another high area of very slight intensity followed 
much the same course as the preceding high. This high 
developed over the Rocky Mountain region during the 
2d and 3d. 

A Jow area that appeared over British Columbia on the 
evening of the 4th passed to Manitoba by the 6th and 
thence east-northeastward into Canada, little precipita- 
tion attending it. 

An offshoot from the more or less permanent Pacific 
high area was central over northwestern Wyoming on the 
morning of the 6th and passed thence eastward across 
the Lake region during the next four days. 

A disturbance that made its appearance over Alberta 
on the 9th moved east-southeastward and on the morning 
of the 11th was over North Dakota, thence moving east- 
ward to Lake Michigan by the 13th and to the Ohio Valley 
by the 15th. Juring the next 24 hours it disappeared. It 
caused showers and thunderstorms over the northern 
Rocky Mountain region and Plains States and from 
the Mississippi Valley eastward except in the North 
Atlantic States. 

The low which followed it was over Alberta on the 
morning of the 14th, and during the next two days passed 
to western Ontario and by the 19th was over the Canadian 
Maritime Provinces, having caused showers and thunder- 
storms from the Mississippi Valley eastward. 

A high-pressure area that appeared on the north Pacific 
coast on the 15th, during the next two days threw off an 
offshoot which was central on the 17th over the western 
*Jains States. It passed thence to the middle Mississipp1 
Valley by the 19th and to the Atlantic seaboard by the 
evening of the 20th, a portion of it persisting over the 
South Atlantic States for the two days following. 

On the evening of the 19th a low-pressure area made its 
appearance over Aiberta and during the next 48 hours 
moved to Nebraska. It passed thence northeastward to 
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the Lake region, causing showers and thunderstorms over 
northern districts from the Plains States eastward. 

From the 20th to the 25th pressure was high over the 
East Gulf and South Atlantic States. 

An offshoot from the subpermanent Pacific high-pres- 
sure area was central on the morning of the 21st over 
the North Pacific States and by the following morning it 
had passed to the western Plains States. It passed 
thence to the Upper Lakes by the evening of the 23d, and 
was not thereafter traceable on the weather charts. 

During the 23d and 24th conditions remained unset- 
tled over a belt of territory extending from the Lake 
region to Oklahoma. 

uring the night of the 26th-27th a low developed over 
the Middle Atlantic States and on the morning of the 
28th was near Norfolk, Va. In the 24 hours following it 
passed off the coast, and during the next several days 
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proceeded slowly north-northeastward until at the end 
of the month it was southeast of Nantucket. 

On the morning of the 27th pressure was above normal 
in the neighborhood of Hudson Bay and during the next 
24 hours increased, a reading of 30.38 inches being re- 
ported at White River, Ontario. The high remained 
practically stationary over this region until the 29th 
after which date it moved very slowly southeastward 
with decreasing intensity, giving record low tempera- 
tures for the month of July over portions of Virginia 
and temperatures decidedly below the seasonal average 
over the Atlantic States generally. Another high cen- 
ter had in the meantime appeared over the upper St. Law- 
rence Valley, which at the end of the month was over the 
ocean. 

Conditions over the West during the last few days of 
the month were stagnant. 
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SECTION IV.—RIVERS AND FLOODS. 


RIVERS AND FLOODS, JULY, 1914. 


By A.rrep J. Henry, Professor of Meteorology, in charge of River 
and Flood Division. 


(Dated Washington, D. C., Aug. 31, 1914.) 


There were no floods of consequence in any part of the 
United States during the month. The Arkansas in east- 
ern Colorado was at the flood stage several times during 
the last 10 days of the month, but beyond overflowing 
the bottom lands no damage was done. 

The Mississippi in the Dubuque, Iowa, section was 
considerably higher than the ordinary July stages. 
Owing to the high water of the previous month no crops 
were raised on the lowlands along the river. 

During the second week of the month the rivers of the 
Carolinas were at relatively high stages but flood stages 
were not reached. 


MEAN LAKE LEVELS DURING JULY, 1914. 


By Unrrep Srates LAKE Survey. 
[Dated Detroit, Mich., Aug. 4, 1914.} 


The Notice to Mariners bearing the above date reports 
the following levels and changes in levels: 


Lakes. 
Data. 
Superior.) an Erie. | Ontario. 
Huron 
Mean level during July, 1914: Feet. Feet. Feet. Feet. 
Above mean sea level at New York...... 602. 68 580. 74 572. 83 246. 
Above or below— 72 
Mean stage of June, 1914............. + 0.19) + 0.14} — 0.21}; — 0. 
Mean stage of July, 1913..............| + 0.04) + 0.54] — 0.74] -— L119 
Average stage for July, last 10 years..; + 0.18' — 0.38; — 0.07} — 0.18 
Highest recorded July stage.......... — 114} — 2.84} — 1.58) — 2.00 
Lowest recorded July stage.......... + 1.20) + 0.84) — 1.37) + 2.13 
Probable change during August, 1914........ + 02 |/- 01 |-— 0.2 — 03 


| 
| | | 
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SECTION V.—BIBLIOGRAPHY. 


RECENT ADDITIONS TO THE WEATHER BUREAU 
LIBRARY. 


C. Professor in Charge of Library. 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies. 


Arctowski, Henryk. 

A study of the changes in the distribution of temperature in Euro 
and North America during the years 1900 to 1909. New York. 
1914. 39-113 p. 8°. (Annals of the New York academy of 
sciences, vol. 24.) 

Bénévent, Ernest. 

La pluviosité de la France du Sud-Est. Grenoble. 1913. 124 p. 
17 pl. 8°. [Includes monthly and yearly isohyetal charts, 
two charts of pluviometric coefficients, etc.] 

Blue Hill meteorological observatory. 

Observations and investigations, 1909 and 1910. Cambridge. 
1914. 90 4 3 pl. 4°. (Annals, Astron. observ. of Harvard 
college, vol. 73, pt. 1.) 

Borman, T, A. 

Sorghums: sure money crops. Topeka, Kans. 1914. 310p. 12°. 
{Contains information on Kansas rainfall and numerous climatic 
charts of Kansas and adjacent states, by 8. D. Flora.] 

Brooks, Charles F. 

The ice storms of New England. Cambridge. 1914. 8p. 2 pl. 
4°. (Reprint: Annals, Astron. observ. of Harvard college, vol. 
73, pt. 1, p. 77-84, pl. I-11.) 

Day, W. H. 

Lightning rods: their efficiency, principles and installation on 
arm buiidings. Toronto. 1914. 38 p. 8° (Ontario agric. 
college, Bulletin 220.) 

Eiffel, G[ustave]. 

The resistance of the air and aviation. Experiments conducted 
at the Champ-de-Mars laboratory. 2d ed.rev.andenl. Trans- 
lated by Jerome C. Hunsaker. ‘London, ete. 1913. xvi, 242 p. 
front. 27 pl. f°. 

Galli, Ignazio. ‘ 
Alcuni fulmini globulari osservati nell’ anno 1913. NotaIX. 11 
4°. (Estratto: Atti della Pontificia accad. Rom. dei Nuovi 
incei, anno 67, sess. 5* del 19 aprile 1914.) 

Di un piccolo e rovinoso fulmine globulare a Poggio-tre-Croci. 
Nota. X. (2stratto: Atti della Pontificia. accad. Rom. dei 
Nuovi Lincei, anno 67, sess. 6* del 17 maggio 1914.) 

Golitsyn, B[oris Borisovich]. 

Vorlesungen iiber Seismometrie. Deutsche Bearbeitung unter 
Mitwirkung von Clara Reinfeldt, herausgegeben von O. Hecker. 
Leipzig, ete. 1914. viii, 538 p. ilius. 4°. 

Gottschling, Adolf. 

Ergebnisse der meteorologischen Beobachtungen in Hermann- 
stadt in dem Zeitraume von 1851-1910. 57 p. 8°. (S. A. 
Verhandl. u. Mitt. des Siebenbiirgischen Ver. fiir Naturw. zu 
Hermannstadt, 63. Jahrg. 1913, Heft 1 u. 2.) 

Gravelius, H[{arry]. 

Flusskunde. Berlin, ete. 1914. viii, 179 p. 8°. (Grundriss 
der gesamten Gewiisserkunde, 1. Bd.) 

Great Britain, Meteorological office. 

Daily readings at meteorological stations of the first and second 

orders for the year 1913. Edinburgh. 1914. vili, 48 p. map. 


f°. (Section 1 of part III of the British meteorological and mag- 
netic year-book for 1913.) 
The seaman’s handbook of meteorology. A companion to the 


Barometer manual for the use of seamen. London. 
191p. 25pl. 


1914. xiv, 
(M. O. 215.) 


Hinsdale, Guy. 

Atmospheric air in relation to tuberculosis. City of Washington. 
1914. x, 136 p. 93 pl. 8°. (Smithsonian misc. collections, 
vol. 63, no. 1. Publication 2254.) 

India. [Meteorological de ent.] 

Statement of the rainfall and snowfall of India in January and Feb- 
ruary 1914, and a comparison of the seasonal forecast with the 
actual precipitation. [Simla. 1914] 2p. f°. 

Johansson, Osc[{ar] V[ilhelm]. 

Bidrag till Finlands klima fi. I-IV. Observationer pé 1750- 
och 1760-taien i Laihela, Malaks, Birkala och Lovisa. Helsing- 
fors. 1913. 73 p. 8°. (Bidrag till Kinnedom af Finlan 
natur och folk, H. 76, no. 1.) 

Uber entstehung und Wirkungen absteigender Luftstréme. Hels- 
ingfors. 1913. 122 4°. (Acta Societatis scientiarum Fen- 
nice, tom 44, no. 1. 

Lander, Cecil H. 
Ventilation and humidity in textile mills and factories. London, 


etc. 1914. viii, 175 p. 12°. 
Marriott, Robert H. 

Radio range variation. (Jn Proc. of Inst. of radio engineers. New 
York. arch, 1914. v. 2, no. 1, p. 37-58.) [Deals with 
meteorological conditions affecting range of transmission in 
radiotelegraphy.] 

Pitois, E. 


Les nuages dans le paysage en photographie. Paris. n.d. 31 p. 

pl. 12°. (Bibliothéque de la Photo-revue, ser. verte, no. 11.) 
Prussia. K. Meteorologisches Institut. 

Deutsches meteorologisches Jahrbuch fiir 1911. Preussen und 
iibrige norddeutsc e Staaten. Berlin. 1914. xvi, 182 p. 
map. f°. 

Pyrénées_Orientales. Commission météorologique d 

XL* bulletin météorologique annuel. Année 1911. 
n.d. 52p. pls. 4°. 

Richardson, H[erbert] W. 
The climate of Duluth, Minnesota. Duluth. [1914.] 47 p. 12°. 
Rickmers, W. Rickmer. 

The Duab of Turkestan: a physiographic sketch and account of 
some travels. Cambridge. 1913. 563 p. illus. pls. ma 
4°. (Climate, p. 488-498. Statistical data after von Ficker. 

Romer, E[ugen]. 

O ywie las6w na klimat i wody gruntowe na wie 
doswiadezefi w lasach dobrostafiskich. (The influence of the 
forests on the climate and on the Os gy Polish, with 
English summary.]‘ (Jn Kosmos. Lwéw. Grudzief, 1913. 
Rocznik 38, zeszyt 10-12. p. 1573-1707.) 


Sieberg, August. ews 
Einfiihrung in die Erdbeben- und Vulkankunde Siditaliens. 
vi, 226 p. illus. pls. 8°. 


entale. 
Perpignan. 


Jena. 1914. 
Southport. Fernley observatory. 

Report and results of observations, for the year 1913. Southport. 
1914. 31p. 8°. 

Sperer, Martin. 

Der Campbell-Stokessche Sonnenscheinautograph, nebst Bemer- 
kungen zur Frage der ee Sonnenscheinregistrie- 
rung. 2. Teil. Amberg. 1914. 28p. 8°. (Progr.des K. Hu- 
manist. Gymnasiums Amberg, 1913/14.) 

Strémberg, Gustav. ; 
Harmonic analysis of the air temperature in Stockholm 1894-1911, 


based on the periods of movement of the sun and the moon. 
Berlin. [1914.] 8, [4] p. f°. (Ur Svenska hydrog. biol. kom- 
missions Skrifter. ) 


R. S. 

note on the causes and effects of the drought of 1907 & 1908 on 
the sdl forest of the United Provinces. Calcutta. 1913. 17 p. 
pls. 8°. (Forest bulletin no. 22.) 

Jahrbuch 1912, enthaltend hydrographische Beobachtungen in 

den Finland umgebenden Meeren. Helsingfors. 1913. 130 p. 
6 % f°. (Finlandische hydrog.-biol. Untersuchungen, no. 
12. 
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RECENT PAPERS BEARING ON METEOROLOGY. 
C. Taman, Professor in Charge of Library. 


The subjoined titles have been selected from the con- 
tents of the periodicals and serials recently received in 
the Library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
meteorology and cognate branches of science. This is 
not a complete index of the meteorological contents of 
all the journals from which it has been compiled. It 
shows only the articles that appear to the compiler 
likely to be of particular interest in connection wiih the 
work of the Weather Bureau. 


Aeronautical journal. London. v.18. July, 1914. 
Shaw, W{illiam] N{apier]. Wind gusts and the structure of aerial 
disturbances. p. 172-203. 
Pfeter]. The measurement of air speed. 
p. 245-271. 
Thurston, Albert] Pieter]. The horizontal wind tunnel at East 
London college. p. 302-307. 
American geographical society. Bulletin. New York. v.46. August, 
1914. 


Fassig, Oliver L. The period of safe plant growth in Maryland 
and Delaware. p. 587-590. 

American society of civil engineers. Proceedings. New York. v. 40. 
August, 1914. 

Buerger, Charles B. A method of determining storm-water run- 
off. p. 1735-1760. 

‘Great Britain. Meteorological office. Geophysical memoirs. London. 
No. 8. 1914. 

Chree, Charles. Lag in marine barometers on land and sea. 
p. 173-185. 

Japan. Téhoku imperial university. Science reports. Sendai. v. 8. 

une, 1914. 

Okada, Y&ji. On the influence of compressibility on the fluid 
motion with a spherical obstacle and its application to a meteoro- 
logical p. 189-197. 

Knowledge. mdon. v.87. August, 1914. 
Hall, Maxweli. The twilight arc. p. 296-298. 
Nautical magazine. London. v.92. August, 1914. 

{McKerrell, John.] The occurrence and paths of cyclones, and 
methods of avoiding damage from them. p. 154-160. 

Popular science monthly. New York. v. 85. Sentomber, 1914. 

McAdie, Alexander [G.] The paradox of the east wind. p. 
292-295. 

Royal society. Proceedings. London. ser. A. v. 90. 1914. 

Nolan, J. J. Electrification of water by splashing and spraying. 
p. 531-543. 

Royal society of South Africa. Transactions. Cape Town. v.4. pt. 2. 
1914. 

Sutton, J. R. Barometric variability at Kimberley and else- 
where. p. 105-121. 

Scientific American. New York. v. 111. August 1, 1914. 

Bertyn, Felix. Fog and marine disasters. p. 78. 

Scientific American supplement. New York. v.78. 1914. 
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SECTION VI.—WEATHER AND DATA FOR THE MONTH. 


THE WEATHER OF THE MONTH. 
By P. C. Day, Climatologist and Chief of Division. 


[Dated Washington, Weather Bureau, Sept. 4, 1914.] 
PRESSURE. 


The distribution of the mean atmospheric pressure 
over the United States and Canada, and the prevailing 
directions of the winds, are graphically shown on chart 
VII, while the average values for the month at the 
several stations, with the departures from the normal, 
are shown in Tables I and III. 

The mean barometric pressure for the month as a whole 
was above the normal, as in several preceding months, 
over much the greater portion of the country, only 
limited areas, comprising the Middle and South Atlantic 
States, the middle Mississippi Valley, and the extreme 
northern portion of the Rocky Mountain districts, show- 
ing values near to or slightly below the normal. The 
positive departures, while quite general, were as a rule 
moderate except that they were rather marked in re- 
stricted areas in the upper Lake region, the central and 
southern Rocky Mountain Statess and southern Cali- 
fornia. 

At the beginning of the month a moderate barometric 
depression moved eastward over the Lake region, and 
following in its wake was an extensive, though not 
marked, area of high pressure, which dominated the 
weather over eastern districts during the first few days 
and passed to sea about the 6th. From the 5th to the 
Sth a moderate disturbance passed northward along the 
Atlantic seaboard, with showery, unsettled weather in 
the Atlantic States. During the following week no pres- 
sure changes of consequence occurred, but the distribu- 
tion had a tendency to relatively low readings to the 
northward, with southerly winds over eastern districts. 
From the 15th to the 18th a low moved eastward over 
the nofthern States, but thereafter relatively high pres- 
sure obtained over most of the country during the re- 
meinder of the month. 

The distribution of the highs and lows was favorable 
for the frequent occurrence of southerly winds over the 
Rocky Mountain region and all districts to the eastward, 
while the prevailing directions were variable to the 
westward. 

TEMPERATURE. 


At the beginning of the month moderate tempera- 
tures obtained in nearly all portions of the country. By 
the 4th higher temperatures had overspread the North- 
west and extended into the Plains region, and at the 
same time the weather had become unusually warm in the 
Southwest, but readings continued below the normal 
over the northern portion of eastern districts. By the 
10th atmospheric pressure had decreased considerably in 
the Northwest aa southerly winds and warmer weather 
had set in over the Plains States and Mississippi Valley, 
which gradually extended eastward and southward to the 
Atlantic and Gulf States. During the following week 
unusually warm weather prevailed over interior districts, 


the afternoon temperatures rising to 100°, or above, at 
many points in the Ohio Valley and to the westward. 

About the 16th cooler weather set in over the North- 
west, and during the following few days it advanced into 
the Missouri Valley and Plains region, greatly relieving 
the heated conditions that had prevailed in those sec- 
tions. During the following few days the cool weather 
advanced eastward and southward, the temperature be- 
coming quite low for the season of the year in the Ohio 
Valley and to the eastward. About the beginning of 
the third decade the distribution of atmospheric pressure 
was such as to again favor southerly winds and warm, 
humid weather over all interior portions of the country, 
and high temperatures obtained in the great central 
valleys and extended into eastern and southern districts. 
However, the last few days of the month brought much 
cooler weather to the northern States from the upper 
Mississippi Valley eastward. 

For the month as a whole the temperature averaged 
above the normal in all districts east of the Rocky Moun- 
tains, save in the northeastern Sta es, and also over the 
northern Mountain and Pacific Coast States. The great- 
est plus departures occurred in the Mississippi drainage 
area, where at some points the values were about 6° 
above the normal. The averages were less than the 
normal from the Middle Atlantic States northeastward 
and also from the central and southern Rocky Mountain 
region westward to the Pacific. However, the minus 
departures were not marked, reaching values as great as 
3° only in limited areas in the northeast and in the cen- 
tral mountain districts of the West. 


PRECIPITATION. 


In the opening week of the month precipitation was 
unusually hekew over much of the Plains region, espe- 
cially in western Texas and eastern New Mexico, the 
greater part of Kansas and portions of the adjoining 
States, while generous amounts were received over large 
portions of the Atlantic coast area, and the middle and 
east Gulf States, but over the Ohio and middle and upper 
Mississippi Valleys and the Lake region the rainfall was 
pepe 3 light. During the second week precipitation 
was local in character and the amounts were small, 
except over limited areas in the Atlantic and Gulf States 
and locally in the Plains States and upper Lake region, 
where in a few places they were in excess of 2 inches. 
Over much of the great cereal and grass producing States 
the rainfall was light, and none suoulebel in considerable 
portions of the Ohio Valley, the region of the Great Lakes, 
and over most of the Plains States. 

About the middle of the month a disturbance moved 
eastward over the Lake region and was accompnaied by 
yenerous rains in much of the Ohio Valley, greatly re- 
leving che severe drought that had persisted in that 
locality, and good showers also occurred at numerous 
points in other eastern districts, but severe drought 
continued in Missouri and portions of the adjoining States 
to the eastward and southward, and it was becoming 
severe in Texas. The last decade of the month was 
marked by deficient rainfall and more than the usual 
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amount of sunshine over the great agricultural districts. 
Generous local amounts were received in scattered locali- 
ties, but over much of the central valleys and throughout 
the West there was little beneficial! rain and drought had 
become severe in many localities. 

For the month as a whole the precipitation was below 
the normal over much the greater part of the country. 
The amounts were above normal at many points in the 
more eastern States and also in the Plateau region, while 
in extreme western Texas and locally in the eastern por- 
tions of Colorado and New Mexico the falls were heavy, 
ranging from 2 to nearly 4 inches above the normal. 
However, in the great central valleys and the Plains 
region, including nearly the whole of Texas, precipitation 
was markedly deficient, the negative departures amount- 
ing to 2 inches, or more, over large areas. 

For the season, March 1 to the end of July, the precipi- 
tation was below the normal over much of the central 
and southern portions of the country from the Rocky 
Mountains eastward. Numerous sections have received 
but little more than half the normal and some localities 
even less than that amount. In the Pacific Coast States, 
also, the rainfall was deficient. 


GENERAL SUMMARY. 


The marked features of the weather for July, 1914, 
were the deficient rainfall, unusually large percentage of 
sunshine, and persistence of high temperatures in the 
great corn-producing States and in the central and 


western portions of the eetton belt. This lack of suffi- 


cient rain in the corn belt, coming as a continuation of 
deficient moisture during the preceding month, and at a 
critical period in the development of the crop resulted 
in a marked deterioration in the condition of corn during 
the month. In the spring wheat belt the month also 
was hot and dry, resulting in considerable damage. 

In the central and western portions of the cotton belt 
the rainfall was likewise deficient which, following more 
or less droughty ccnditicns at the beginning, retarded 
the growth of plants and depreciated the general outicok. 
However, in the eastern portion of the belt the rainfall 
was more generous and vegetation made satisfactory 
progress. 

Over the western Plains region and the Mountain and 
Plateau districts moisture was sufficient to maintain the 
ranges and cultivated crops in excellent condition, espe- 
cially in the southern p:rtien, and irrigation water con- 
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tinued plentiful. At the close of the month drought 
was becoming severe in the north Pacific Coast States. 

Local, severe storms were quite frequent during the 
month, the most noteworthy of which were the destruc- 
tive hailstorms that visited northwestern South Carolina 
on July 6 and 7. Great damage to growing crops, esti- 
mated at nearly a million dollars, was sustained in four 
counties in that locality. The area of destruction has 
been estimated at about 50,000 acres, on which the loss 
of crops ranged from 50 to 90 per cent. 


Average accumulated departures for July, 1914. 


| 
| Mandi Relative 
Temperature. Precipitation. | Cloudiness. humidity. 
| 
| 
Se le. ae 
| 
°F. | °F. | °F. |Inches| Inches Inches P.ct.| P.ct. 
New England......... 66.0 —2.7,— 9.6) 6.2) 81, +1 
Middle Atlantic....... 73.0 —1.4— 2.5) 4.41/—0.10\—2.80) 6.0) +1.1 76) + 2 
South Atlantic........ 79.1 +0.1/+ 3.0, 5.1) —0.1) 75) — 5 
Florida Penins 81.7, —0.2\— 3.3) 5.3] +0.3| —3 
East |} 81.3, +1.0+ 3.0) 4.86) —0. 50) —6. 60 5.6 +0, 2) 7 2 
| 84.0; +2.1/+ 4.3) 1.80—1.40/-6.80 4.1) 0.0} 68) — 6 
Ohio Valley and Ten- | | | 
| 7&0) +1.2\4+ 4.5) —0.1) 62) — 7 
Lower Lakes......... | 71.2 —0.5'— 6.7; 1.53 —1.90)/—1.50 4.5 0.0 69 0 
Upper Lakes......... 69.2) +1.24 2.5) 2.56—0.60/+0.30| 4.2) —0.4 744 +2 
North Dakota........ | 72.8 +3.8+414.4) 3.0) —1.4 68) + 2 
Upper Mississippi | 
+2.4%4+12.4) 1.33,—-2.30—5.60, 4.1) —0.2 63, — 5 
Misso tri Valley....... | 78.7, +2.9/+17.2} -0.3, 62 — 4 
Northern slope...... --| 70.5) +2.4/4+16.1) 0.78, —0.80—-1.90 3.9) +0.2 53) + 1 
Middle slope. ... -| 79.1) +2.3/4+15.8) 1.52/—1.40,—-3.40, 4.5) +0.4) 60 0 
Sothern slope . | 80.8 +0.44 6.5 3.06/40.2040.60 3.3, -1.2 60 +1 
Southern Platea 77.1) —1.9\+ 1.9) 1.85 —0.60—0.40' 4.3) +1.0) 50) +-12 
Middle Platean. 71.4, 8.4 1.05,—0.404+0.40, 4.4 41.3 46 +14 
Northern Platea 73.7) +2.8)/+17.3 0.89 +0.40 —0. 50 3.3, +0.6 42; +1 
North Pacific.........| 61.5} —0.3/+13.4) 0.07 —0.70+0.30, 3.6, —1.0 72), +7 
Middle Pacific........ | 64.2) 6.7) 0.00; 0.00 —0.40 4.0 +0.5 64 — 2 
South Pacific......... 69.3) —0.6)+13.7, 0.00; 0.0043.80) 3. 2) +0.4 + 4 


| 


Maximum wind velocities, July, 1914. 


| | | | 
Veloc- | Direc- Rtetin: | ata | Veloc- | Diree- 
Stations. | Date. ity. don. Stations. | Date. ity. | tion. 
mi./hr | mi. [hr 
Augnsta, Ga....... 26 50 | n. New York, N. Y... 23 | 88 | nw 
Block Island, R.1.. 6 | 56 | ne. Norfolk, Va........ 13 | 54 nw 
Colmbia, 8. C.... 9 | 59 | sw. 15 | 58 | w. 
Fort Wayne, Ind. . 24 52 | nw. Pittsburgh, Pa..... 12 | 54) nw 
Fort Worth, Tex..| 24 50 | e. Topeka, Kans...... 16 | 50 | nw. 
Louisville, Ky..... | 10 52 | se. Trenton, N.J...... 7 | 72 | ne. 
Mt.Tamalpais, Cal . 7 50 | nw. | 
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' CONDENSED CLIMATOLOGICAL SUMMARY. 


In the following table are given for the various sections 
of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the sta- 
tions reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest 
and least total precipitation; and other data, as indicated 
by the several er 

The mean temperature for each section, the highest and 


lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using 
all trustworthy records available. 

The mean departures from normal temperatures and 
are based on records from stations that 

ave 10 or more years of observations. Of course the 
number of such records is smaller than the total number 
of stations. 


Summary of temperature and precipitation, by sections, July, 1914. 


Temperature (°F.). Precipitation (in inches and hundredths). 
g Monthly extremes. Greatest monthly. Least monthly. 
§ | Station. 3 Station. Station. 3 
on 3 ® r=] 
FN EI 81.6 | +1.5 || Newbern............ 2 stations........ 56 8 || 4.23 Fort Deposit........ 0. 86 
78.7 | —1.3 || Mohawk............ Fort Valley...... 39 | 22 || 3.10 7. 
82.6 | +2.8 || 5 stations........... 1 2 stations. ....... 54 | 31 || 2.69 0.32 
California. . . 72.4 | —1.6 || Greenland Ranch... 28; 9 || 0.06 70 stations.......... 0.00 
66.1 | —0.2 | 2 stations.......... 1f|| 3.50 Palisades... ........ 
81.6 | +0.5 | Federal Point 31 || 5.97 1.87 
80.8 | +0.7 || Waynesboro. ......- 31 || 4.74 Savannah........... 1.85 
69.7 | +1.4 | 21 || 0.87 Murtaugh........... T. 
79.0 | +3.1 || Greenville.......... 3 || 1.50 Metropolis. 0.05 
pe eee 77.6 | +2.2 || Shoals.............. 30 7) 1.85 Notre Dame. . 0. 20 
76.6 | +2.5 || Centerville... 2.27 Davenport. 0. 44 
79.9 | +2.4 || Minneapolis. 1 || 2.69 Dodge City . 0.36 
Kentucky .......-.-+- 78.8 | +2.0 || Greensburg. . i 30 || 3.20 Paducah..... . 2 
83.0 | +1.2 || 2 stations... .. 57 | 31 |] 7.07 Logansport. ........ 0.60 
Maryland & Delaware.) 74.4 | —1.2||..... Deer Park... 35 3.10 Woodstock.......... 1.28 
69.8 | —1.2 || Adrian-............. 33 | 19 || 2.64 Bloomingdale....... 0.27 
eee 72.4 | +3.5 || Moose Lake......... 26 || 2stations......-.. 36 | 18 || 2.48 Moose Lake......... 0.62 
gl 82.2 | +1.5 || 3 stations........... 1 Duck Hill........ 55 | 31 || 3.76 Hernando. .........- 0.62 
80.5 | +3.7 || Grant City.......... 45 | 30 || 2.67 0.34 
Montana...........--- 68.7 | +3.2 |] Fallon.............- Pleasant Valley....) 23 | 22 || 0.80 Hamilton........... 0.00 
76.6 | +2.1 || Ewing.............- 37 1 || 1.84 0.37 
72.4 | —0.6 || Leeland............. 32; 23 || 0.52 2 stations. .......... 0.00 
New England........ 66.4 | —2.7 || Cavendish, Vt...... 93 | 18 || Bloomfield, Vt... 35 | 26 || 3.59 Fairfield, Me........ 0.93 
71.5 | —2.3 || Bridgeton........... 97 | 23 || Charlotteburg.... 40 | 20 | 6.05 Cape May........... 1.94 
New Mexico.......-..- 70.1 | —1.9 || 2stations........... 102 | 16t Upper | 37; 18 | 1.27 
anch. 
New York...........- 68.2 | —1.4 || Otto...............- ast Lake Placid........ 31 | 20 || 3.25 | —0.85 || Sharon Springs... .. 9.55 || Fredonia............ 0.56 
North Carolina. ...... 76.7 | —0.2 || 2 stations Banners Elk..... 41 | 31 || 4.71 | —0.95 || Rock House......... 9. 56 Elizabethtown...... 9.70 
North Dakota........ 72.1 | +4.5 || Napoleon. .......... 26 || 2stations........ 36 9t|| 2.31 | —0.36 || Dickinson........... 5.50 ‘| Beach 0. 41 
74.0 | +0.5 || Hamilton 2.19 | —1.80 || Cambridge........-.. 8.36 | 2 stations 0. 72 
Oklahoma... .| 84.6 | +4.6 || Chattanooga. - . 31 || Hurley....... --| 50 1 || 1.63 | —1.73 || Hurley.............. 5.50 |.....do 7 
Oregon.....- | 67.4 | +1.7 || Umatilla | 18 || Whitaker.... --| 17} 21 || 0.29 | —0.23 || Headworks (2)...... 2.35 | Deadwood 0.00 
Pennsylvania .| 71.3 | —0.9 || Punxsutawney | 24 || West Bingham..... 38 | 31 || 4.19 | —0.30 | Coatesville.......... 10.29 | Ridgway 1.10 
Porto Rico... -| 78.3 | —0.5 || Jayuya.............. | 3f|| Aibonito........... 52| 12] 4.48 | —1.84 || Rio Grande......... 20.84 | Santa Isabel 0.77 
South Carolina. --| 80.0 | +0.1 || 2 stations 25 || Conway.......-...- 53 | 22 || 5.16 | —0.40 || Rimini.............- 9.90 | Dillon 0.78 
South Dakota. ....... 75.9 | +4.1 || Oelrichs,............ 110 | 26 || 2stations.......... 39 | 17 || 2.13 | —0.84 6.45 | Hot Springs......... 0. 43 
Tennessee. .........-- 79.4 | +2.0 || Wildersville......... 110 | 12 || Erasmus........... 42| 31 || 4.34 | —0.45 || Erasmus............ 8.95 | Brownsville......... 0. 29 
84.4 | +2.1 |] 7 stations........... 110 | Mount Blanco......; 54; 25 || 1.51 | —1.57 ||} Andrews............ 11.90 || 13 stations.......... 0.00 
70.1 | —2.0 || Lemay.............. 110 | 27 || Scofield............ 31 4 1.81 | +1.27 0.00 
74.3 | —0.9 || Charlottesville. ..... 102 | 25 || Burkes Garden..... 36 | 30t|) 4.27 | —0.38 || Blacksburg......-... 9.60 || Winchester......... 0.81 
Washington.......... 67.5 | +1.3 Eltopia............. 111} 18 || 2stations.......... 30} 20 || 0.35 | —0.47 1.80 || 9 stations........... 0.00 
West Virginia. ....... 73.1 | —0.1 || Point Pleasant...... 106} Dayard............ 38 | 31 4.11 | —0.71 || Elkims.............. 7.74 || Beckley............. 0.98 
71.6 | +2.4 || Grantsburg (2)...... 100 | 11f|| Long Lake......... 38 | 29 || 3.29 | —0.88 7.06 || Neillsville........... 0.85 
W 65.5 | +1.6 || Hyattsville......... 103 9 || Norris, Y. N. P.. 26 23 1.14) —0.23 4.38 | 3 stations. .......... 0.00 
| | i 
+ Other dates also. 


DESCRIPTION OF TABLES AND CHARTS. 


Table I gives the data ordinarily needed for climato- 
logical studies for about 158 Weather Bureau stations 
making simultaneous observations at 8 a.m. and 8 p.m., 
seventy-fifth meridian time daily, and for about 41 others 
making only one observation. The altitudes of the in- 
struments above ground are also given. 

Table II gives a record of precipitation the intensity of 
which at some period of the storm’s continuance equaled 
or exceeded the following rates: 

Duration (minutes)... 5 10 15 2 2% 30 35 40 45 50 60 
Rates per hour (inches) 3.00 1.80 1.40 1.20 1.08 1.00 0.94 0.90 0.87 0.84 0.80 

In cases where no storm of sufficient intensity to en- 
title it to a place in the full table has occurred, the great- 
est precipitation of any single storm has been given, also 
the greatest hourly fall during that storm. 

Table III gives, for about 30 stations of the Canadian 
Meteorological Service, the means of pressure and tem- 


perature, total precipitation and depth of snowfall, and 
the respective departures from normal values, except in 
the case of snowfall. 

Chart I.—Hydrographs for several of the principal 
rivers of the United States. 

Chart II.—Tracks of centers of high areas; and 

Chart II].— Tracks of centers of low areas. The roman 
numerals show the chronological order of the centers. 
The figures within the circles show the days of the month; 
the letters a and p indicate, respectively, the observations 
at 8 a.m. and 8 p.m., seventy-fifth meridian time. With- 
in each circle is also given (Chart I1) the last three figures 
of the highest barometric reading and (Chart III) the 
lowest reading reported at or near the center at that 
time, and in both cases as reduced to sea level and stand- 
ard gravity. 

Chart 1V.—Total precipitation. The scale of shades 
— the depth is given on the chart. Where the 
monthly amounts are too small to justify shading, and 
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over sections of the country where stations are too widely 
separated or the topography is too diversified to warrant 
reasonable accuracy in shading, the actual depths are 
given for a limited number of representative stations. 
Amounts less than 0.005 inch are indicated by the letter 
T, and no precipitation by 0. 

Chart V.— Percentage of clear sky between sunrise and 
sunset. The average cloudiness at each Weather Bureau 
station is determined by numerous personal observations 
between sunrise and sunset. The difference between the 
observed cloudiness and 100 is assumed to represent the 
percentage of clear sky, and the values thus obtained are 
the basis of this chart. The chart does not relate to the 
nighttime. 

Chart VI.—-Isobars and isotherms at sea level and pre- 
vailing wind directions. The pressures have been re- 
duced to sea level and Secale uavivity by the method 
described by Prof. Frank H. Bigelow on pages 13-16 of 
the Review for January, 1902. The pressures have also 
been reduced to the mean of the 24 hours by the appli- 
cation of a suitable correction to the mean of the 8 a. m. 
and § p. m. readings at stations taking two observations 
daily, and to the 8 a. m. or the 8 p. m. observations, re- 
spectively, at stations taking but a single observation. 

he diurnal corrections so applied will be found in the An- 
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nual Report of the Chief of the Weather Bureau, 1900— 
1901, volume 2, Table 27, pages 140-164. 

The isotherms on the sea-level plane have been con- 
structed by means of the data summarized in chapter 8 
of volume 2 of the annual report just mentioned. The 
correction f,—7, or temperature on the sea-level plane 
minus the station temperature as given by Table 48 of 
that report, is added to the observed surface tempera- 
ture to obtain the adopied sea-level temperature. 

The prevailing wind directions are determined from 
hourly observations at the great majority of the stations; 
a few stations having no self-recording wind-direction 
apparatus determine the prevailing direction from the 
daily or twice-daily observations only. 

Chart VII.—Total snowfall. ‘This is based on the re- 
ports from regular and cooperative observers and shows 
the depth in inches and tenths of the snowfall during the 
month. In general, the depth is shown by lines inclosing 
areas of equal snowfall, but in special cases figures are 
also given. 

Chart VIII._-Depth of snow on ground at end of the 
month, expressed in inches and tenths. 

Charts VII and VIII are published only when the gen- 
eral snow cover is sufficiently extensive to justify their 
preparation. 
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TABLE I.—Climatological data for United States Weather Bureau stations, July, 1914. 


Elevation of Pressure in Temperature of the air, in degrees Fa Precipitation, ; ° 
SS ie ais 23 &q i+] |B a Eu: AZ Z| 3 
New England. 66.0\— 2.7 | 81) 3.43\— 0.2) | 6.2 
76| 67| 85| 29.88] 29.96/+ .03| 60.1'+ 83] 14| 69| 47| 2 52} 55} 52; 121-291 8) 5, 648) 28 e. 7| 7| 141 10] 6.2/..... 
Portland, Me......... 103} 82| 117) 29.88) 30.00/+ .05) 64.6 — 3.4] 90) 18| 73] 48) 2) 57) 26) 59) 55) 74) 3.10|\— 10, 5, sw. | 29 mw. | 21) 12) 8} 11) 5.7)..... 
288} 70} 79) 29.68] 29.98)+ .02| 66.8 — 2.3] 17) 46) 4) 57) 33)....).... ....| 3.49/— 0.3] 11) 3,410) se. | 34 nw. | 21} 8} 12} 11) 5.9)..... 
Burlington........-... 404] 11) 48° 29.55) 29.98'+ .04| 66.6 — 1.6) 88 17) 76! 44) 20! 57) 1.94/— 1.8} 13) 5,419) s. 25 sw. | 17| 4] 18) 9| 5.9)..... 
Northfield............ 876| 12} 60, 29.06) 30.00)+ .06| 63.3 — 3.3) 85| 17| 75| 39) 22; 52) 36 58 84) 4.22+ 0.5) 14) 4,081) s. 41 s. 17| 4, 14] 13; 6.4)... 
125| 115| 188, 29.85) 29.98|+ .02) 68.6\— 2.7| 90) 18 76) 51) 3) 61) 24) 63) 60, 78) 2.64|— 0.7| 10| 6,435] sw. | 34 nw. | 8) 13] 10) 5.6)....- igi 
Nantucket...........- 12} 14) 90 29.97) 29.98] .00| 64.6 — 2.9] 81) 26) 70) 51| 4) 59, 18) 61) 60, 91| 3.25\+ 0.6) 11/10,854) sw. | 47 ne. 9} 13} 9) 5.8|..... 
Block Island.......... 26] 11) 46| 29.95] 29.98/+ 65.2\— 2.9) 82| 18] 71) 4) 60; 17] 62| 61 89} 4.27\+ 1.0} 1410,076| sw. | 56 ne. 6| 14] 12] 6.3)..... 
Providence............ 160} 215] 251) 29.82] 29.99)+ 68.0\— 5.4] 87| 18) 76| 51) 3) 60) 24) 62) 58 2 0.7| 11) 7,875) sw. | 48 mw. | 21) 5) 14) 12) 6.6)_.... 
159| 122} 140) 29.81] 29.97] 69.4|— 2.2) 89) 13) 78 54) 20) 61) 26) 63) 60) 77| 4.30/+ 0.2) 14) 4,785) s. 26 ne. 6} 5| 6 
New Haven........... 106| 117} 155; 29.87) 29.98)+ 69.4)— 2.5) 89) 18) 77| 54| 1) 23) 63 78| 6.51/+ 13) 5,793) s. 39 n. 6| 12] 16) 6.8)..... 
Middle Atlantic States. 73.0\— 1.4 76| 4.41/\— 0.1 6.0 
97) 102} 29.87} 29.97/+ .01) 71.0\— 1.0] 90] 80} 51) 1) 62) 28) 63) 59) 70) 2.25\— 1.6) 12) 4,679) s. 25 nw. | 21} 9} 13) 9} 
Binghamton. ..| 871} 10} 69) 29.07] 29.98/+ .01) 69.4/— 0.5] 89] 9} 79} 48) 1) 60! 3.98/+ 0.4] 17) 2,898) e. 24 n. 21; 4) 13) 6.4... 
New York... 314) 414! 454) 29.65! 29.98) 00) 71.1|— 2.4] 23) 78] 54) 7| 64) 24) 60! 73) 5.13|+ 15) 9,107) s. 88 nw. | 23) 5) 19) 7.3). 
Harrisburg..........-. 374| 94) 104) 29.60) 29.99|+ .01| 73.8\— 0.7] 94) 23) 82} 31) 65) 27) 66] 62) 6.21)+ 2.3) 13) 4,146) e. 33 ne. | 10] -6| 14] 11] 5.9 
Philadelphia.......... 117| 123] 29.87) 29.99/4+ 74.0\— 1.8] 96| 23| 81] 58} 67; 27} 64! 75| 7.75|+ 3.4] 13] 5,974] sw. | 36 me. | 29] 6) 9) 16) 6.5). 
81} 98) 29.64| 29.98)...... 95] 23) 82} 54) 30) 65! 30) 62) 74) 4.21) 0.0] 17) 4,058) se. 32 ne. | 27} 4} 8| 19) 7.1 
805} 111} 119 29.15} 30.00|+ .02| 70.4|— 1.4] 89) 17) 80) 49) 20) 61) 31] 66] 64) 84) 6.71|+ 2.9) 16) 3,842) n. 36 sw. | 27] 3) 18] 10) 6.2 
Atlantic City.......... 52} 37| 48) 29.94) 29.99]4+ 70.6/— 1.9] 88| 18) 75) 58! 31 17} 64; 82| 6.82\+ 3.0} 16| 5,282) sw. | 278. 1} 4] 10} 17) 7.2). 
18} 13] 49) 29.99} 30.01/+ .03| 71.6/— 1.8] 93] 18, 56) 30) 66, 20) 67 84) 1.94|— 1.8] 15] 5,107] s. 21 nw. | 19) 5) 18) 8] 5.7 
190] 159} 183] 29.77) 29.97|...... 93) 23, 80) 56) 30) 64) 65] 63, 78| 4.75, 0.0) 16) 6,620, me. | 72 ne. | 27) 6) 8/17) 7.1)... 
123| 100| 113) 29.86] 29.98, .00, 76.3\— 1.0) 99) 23 84) 57, 31) 68, 27) 68 63| 2.55|— 2.3| 11) 4,799) s. 24 n. 11} 17| 8|5.7/..... 
Washington........... 112} 62| 85| 29.86) 29.98|— .02| 75.9/— 0.9] 98! 23, 85) 56) 30) 67; 27} 68| 65) 73) 2.32|— 12) 3,877) s. 32 nw. | 28] 12) 12] 5.9)..... 
Lynchburg............ 681| 153} 188) 29.26} 29.99/— .02] 76.0|— 1.3] 98) 12) 87} 50) 31) 65; 31) 68| 65) 74] 4.53/+ 0.5) 13) 4,086) w. 40 nw. 1| 13} 13) 5] 5.1)..... 
ount Weather....... 1,725) 10} 28.21) 29.97|— .02) 70.2/— 1.24 90) 23) 78) 50) 30 63| 22} 64] 60) 77) 4.31/— 0.4] 8,712] nw. | 40 mw. | 28] 6] 12) 13] 6.5)..... 
91| 170 2065) 29.91) 30.00} 76.7|— 1.7} 93] 24) 84) 59) 30 23| 71) 68} 3.91/— 1.9] 7,911] sw. | 58 w. 15| 6] 17| 
Richmond............ 144] 11] 52} 29.85] 30.00/— .01] 76.9|— 2.3] 98] 87; 57] 31] 67| 29] 65, 74| 3.00|— 1.4] 13] 4,854) s. 27 e. 11} 9} 18) 4) 4.8)..... 
Wytheville............ 2,293/ 40] 47| 27.70] 30.00] .00| 72.0/— 0.6} 92 12) 84) 43) 31] 60) 34] 65] 63) 4.65)+ 0.2} 11) 2,999) w. 27 sw. 15] 14) 2} 3.2)..... we 
South Atlantic States. | 79.1/4+ 0.1 | 75| 4.56|— 1.5 5.1 
Asheville.............. 2,255, 27.75! 30.03|+ .01| 72.3/+ 0.6] 90] 83 3.31|— 1.6} 11] 3,997) nw. | 35s. 13] 11) 15} 5} 4.5'..... 
Charlotte 773| 68) 76 29.20, 30.02} 78.4/— 0.3|100) 26) 88 4. 83|— 0.7} 14| 4,054) sw. | 35 w 14) 18] 5] 5.1)..... 
11| 12} 50| 29.99! 30.00|— .01| 77.6|— 1.0} 92] 25) 83 2.88|— 3.2} 11] 9,229] sw. | 40 mw. | 13] 10) 4] 4.0)..... 
Raleigh..... 376} 103| 110] 29.60) 29.99|— .03! 78.4|— 0. 1/100} 26) 88 7.29\+ 1.2] 10] 4,910) ne. | 37 mw. | 13] 14) 4] 4.3)..... 
Wilmington........... 78| 91) 29.93] 30.01) .00| 79.4/+ 0.7 25) 88 2.38|— 4.6] 7| 5,552] sw. | 28 sw 16} 9| 21} 1) 4.6 
Charleston............ | 481 921 29.97) 30.02|— 81.0|— 0.3) 96! 25| 88 7.14|— 0.1) 7,102) sw. | 38s 3] 11} 14] 6) 4.8) 
Columbia, 8. C........ 351| 41] 29.64) .01| 80.2!— 26) 90) 4.41/— 1.6] 13) 4,512) s. 59 sw 9} 12) 2} 4.4). 
Augusta... ..-| 180} 89} 97) 29.82! 30.01|\— .01) 80.8/+ 0.3/102) 26! 91 6.39/+ 1.1) 15] 3,982) se. 50 n. 26| 3} 18) 10| 6.0 
Savannah............. 65| 150} 29.96] 30.03} 81.0|+ 0.5}100| 25) 90 1.85|— 4.3) 12) 7,330] sw. | 38s. 26| 3] 20) 5.9)..... 
Jacksonville........... 43} 129) 29.99) 30.04/+ 82.0|+ 1.1] 99} 25) 90 5.13/— 1.1] 12) 6,276} sw. | 32 w. 26} 0} 18} 13) 7.1)..... 
Florida Peninsula. 81.7\— 0.2 4.24)— 2.2 5.3 
22} 10) 64) 30.01) 30.03} 0.1) 91] 21) 1.99/— 1.6} 12) 5,159) se 31 sw. 8| 15] 13) 3} 4.4/..... 
25| 37] 72) 30.03! 30.06)...... 81.2/— 0.7] 5) 4.52\— 2.7| 15] 4,321] se 27 w. 30} 3) 13] 15) 7.2)..... 
| 231 39] 72! 29.99} 30.02|— .01) 83.0]...... 90| 17) 6| 6,350) se 37 sw. 8| 15| 13] 3] 4.0)..... 
| 35] 79} 96) 30.01) 30.04) 81.0/+ 1.0} 92) 13 | 6.21/— 2.2) 16) 4,086) ne 28 ne. | 14] 3) 22] 6! 6.6)....- 
| | | | 
East Gulf States. | 81.3/+ 1.0 4.86/— 0.5 5.6).....]. 
\1,174 190] 216, 28.83] 30.04|+ .02) 79.1/+ 1.5] 95] 12) 3.66)— 1.1) 13 6, 136 w 48 nw. | 28; 12) 10) 5.6).....).... 
370, 87, 29.62) 30.01|— .O1| 81.0/+ 1.3 99) 25, | 5.68|+ 1.0! 10) 3,868] s 36 n 3} 8 17) 6 5.3)..... 
Thomasville.......... | 273} 57) 29.74! 30.03} 81.8} 0.0100) 26 | 6.20/+ 0.9} 14] 3,348) sw. | 23 sw. | 27] 7) 17] 5.7|.....).... 
Pensacola............- | _56) 140| 182, 29.97) 30.03}-+ 81.6/+ 0.2) 95) 5 2.82\— 4.4) 12| 8,519) sw. | 42 ne. 28 13; 14) 6.8)..... 
| 741) 9) 57) 29.26) 30. 02! 79.6)+ 1.7) 96 1 5.37|+ 0.6} 11] 3,178) se. 40 nw. | 17 12] 13) 6) 4.8)..... 
Birmingham.......... 11] 48) 29.28, 80.8|— 0.7] 95) 1 3.91|— 0.8) 9 4, 0321 s. 39 nw 2 10) 17) 4, 4.8..... 
| 57} 125) 161) 29.96! 30.02|+ .01) 81.8/+ 1.3] 97| 6 5.17|— 1.9} 6,127) sw. | 38n 27; 4| 23) 4) 5.6)..... 
Montgomery .......... | 223) 100) 112 29.78) 30.02} .00, 82.6/+ 1.6! 98) 26 2.26|— 9) 4,172 sw. | 27 mw. | 27, 10; 17) 4] 4.6).....).... 
Moridian..:........... | 375] 93) 29.62! 30.00)\— .02| 81.2/+ 1.2) 98) 7| 4.34|— 13] 3,397] sw. | 32 w 3} 3) 11) 17] 7.2)..... 
| 247} 62) 74) 29.75) S1.8/+ 1.4] 95] 4.88/+ 12) 4,112) sw. | 30 w 9} 13, 9] 5.2/..... 
New Orleans.......... 51) 90} 121) 29.96) 30.01)+ .01) 82.6)\+ 1.3) 96) 1) 9.18)+ 2.7) 19) 5,293) sw. | 39n 18} 4) 19) 8 6.2)..... 
West Gulf States. | 84.0)+ 2.1 | 1.80\— 1.4 4.1 
Shreveport............ 249} 93, 29.73) 29.99/+ 85.5)+ 3. 4/103) 14) 0.84|— 2.9} 4,520) se. 24 se. 22) 16] 13} 2) 3.9)..... weet 
Bentonville. .......... 1,303} 11) 44) 28.66) 29.99/+ .02) 78.6/+ 0.1) 98) 15) 88 7.51/+ 3.2) 1,704) se. 14 n. 17 
Fort Smith........... 79) 94) 29.49| 20.96|— 83.9|+ 2.9)105] 15) 94) 2.65\— 1.2) 10) 4,620] e. 39 s. 4 11) 13) 5.3]..... 
Little Rook........... 357| 139] 147) 29.62) 29.98)~ .01] 82. 2.1/101) 14) 92) 3.71|— 0.3} 11) 4,940) sw. | 42 n. 4 2 24 5] 5.8}.....).... 
Corpus Christi........ 69) 77) 29.98) 30.00\+ . 04) 82.8)+ 0.1) 95) 19, 88) 0.91|\— 0.8  2)10,927) se. 42 se. 16) 17; 14) 0} 3.7)..... 
109) 117) 29.44) 29.97)...... 102} 30) 98 3} 5,985) se. 31 sw. | 12) 18) 1) 4.1)..... 
Fort Worth........... 670, 106) 114) 29.24) 29.93|— . 03) 86.6)+ 2.9/106) 31) 98 0.73\— 2.3} 6,555) s. 50 e. 24) 12} 17) 4.1)..... 
54) 106) 114) 29.97) 30.03/+ .05) 83.0) 0.0) 94) 7) 88) 1.29/— 6,470) s. 25 se., 9) 15) 4] 4.0)..... 
138 111) 121) 29.87, 30. 01).....- 84.8/+ 1.8)102) 30 94 5,006] s. 33 e@. 22} 12) 15) 4] 4.8)..... 
510, 64) 72; 29.45) 29.97) 85.3/+ 3.8)100, 7 0.17|— 2. 4,737| sw. | 21 se. 22| 22; 9} 0} 3.2)..... 
San Antonio.......... 701, 80} 91) 29. 26) 29.97|+ .02) 85.6|+ 3.2|102) 8) 97 0.02\— 2. 2) 5,952) s. 30 se. 1 
582' 551 63, 29.41) 30.02\+ .00) 85.0\+ 2.3'101' 7 96 0.21— 2.4 1! 6,470! s. 27 se. 171 14 
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TaBLE I.—Climatological data for United States Weather Bureau stations, July, 1914—-Continued. 


Temperature of the air, in degrees 
Fahrenheit. 


Districts and stations. 


Ohio Valley and 
Tennessee. 


Chattanooga.......... 
Indianapolis. ......... 
Cincinnati............ 
| 
Pittsburgh...........- 


| 6&8 


Parkersburg. .......-. 


Lower Lake Region. 


Fort Wayne..........-. 


Grand Rapids......... 
| 
Ludington. ...........} 
Marquette............. 
Port Huron...........} 
Sault Sainte Marie.... 
Milwaukee............ | 


1,674 
Devils Lake........... 1, 482 
1, 


Charles City........... 11,015 
Davenport............ | 606 
Des Moines............ 


Kansas City. ......... 


Gieux City............ 1, 135) 
11,572 


| Mean maximum. 


reduced to 
24 hours. 


dew point. 


level, feet. 
| Thermometer above 
ground. 
ground. 
Station, reduced to 
mean of 24 hours. 
mean of 
Departure from nor- 
mal. 
max.+mean 
min. +2. 
Departure from nor- 
mal. 
Greatest daily 
range. 


Sea level 
a temperature of the 


| Barometer above sea 

| Anemometer above 

| Maximum. 

| Mean minimum. 

Mean wet thermometer. 


| Date. 
| Minimum. 


3 Mean 
° 
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SRS 
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ad 
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ee 
00 


SERRE 


Precipitation, 
inches. Wind. 
& 
Ee I velocity. 
= & A a A A 
3.02);— 1.0 
| 
6.91'/+ 3.0 5, 238] ne. 47| nw. 14 
7.|+ 2.9 3, 230) sw. | 37) mw. | 14 
0.58;— 2.9 40; sw. 15 
2.58)— 1.8 5,670 48) nw. 1 
2.63'— 1.8 5,797] s. nw. | 26 
2.59'— 1.2 6,674) n. 52) se. 10 
1.41\— 2.4 3,989 39, n. 17 
0.49;|— 3.6 | 4,774 31) sw. 13 
7) 5,106 45) 16 
3.00\— 0.5) 4,063 37, sw. | 16 
1.64/— 2.0! 6,137 40 nw. | 13 
1.72;\— 1.6 6) 5,663) 47 nw 13 
1.89|— 2.5) 9) 5,954 54 nw. 12 
7.74/+ 3.1) 10) 2,189 26 nw. | 24) 
2.13|— 2.5) 5| 3,529 27 nw. 13) 
! | 
1.53|— 1.9) | | | 
1.30, — 11) 8,598 42 sw 
2.38,— 0.8) 11) 5,255 31 sw 
2.1] 7| 5,053 27 ne. 
2.2; 8 4,775 30 nw 
2.64,— 1.0) 12) 5,642) s 38 nw 
1.33\— 1.9 6 5,663 28 n. 
1.00|— 2.6, 8 7,239 33 nw 
1.55|— 2.2 6) 6,500 33 a. 
1.25|— 2.0, 5) 7,759 n. 37, nw 
6) 4,626, ne. 52) nw 
1.7, 6,473) e. 34 ne 
= 
1.01— 2.01 6,487/ se. | 3iise. | 3! 
§.96/+ 2.6) 12! 5,912) 31 ne. 27 
1.32;\— 1.3! 7| 5,428 29, nw. | 27 
1.18\— 1.4) 5) 3,326 21, w. 17 
3.00 — 0.1) 9 5,301) 34 n. 26 
1.65\— 1.6 5) 2,585; 18) se. 13 
| 5,181) 28 n. 12 
3.45 + 0.4 11 5,194) 36 nw. 26 
2.36/— 0.4) 5,787) 36 nw. | 13 
3.40|\— 0.3) 8 4,226) 22) w. 
1.46|— 1.3) 4,762) nw. | 18 
2.11|— 1.5} 5] 6,859) 39 sw. | 16 
4.954 1.4 11) 6,700 46 ne. 27 
1.03— 2.0 7) 5,510 25) nw. | 27 
2.99 — 0.7, 8) 6,940, 40 nw. | 25 
2.41 — 0.5, | | 
3.65— 0.1) 9) 5,069 | 28) nw. 25 
0.1) 10) 6,358 | 39! sw. | 26 
1.63|— 2.2) 6,778| | 34) w. 16 
2.32;+ 0.3 6) 4,798] s 39' nw 15 
| 
| 
1.33\— 2.3) 
| } 
1.17,\— 2.6 5) 6,972) 27, w. 12 
0.95)— 2.4 4} 7,112) 36 nw. 12 
2.39'— 1.7; 8} 2,980) 24| s. 12 
1.49|\— 2.5 8] 5,027] 32) ne. 27 
2.30\— 1.3) 3) 3, 552) 20 ne. 27 
0.44/— 3.1) 5) 4,273) n. 16 
1.22,— 2.6 3,992 27; nw. 16 
1.57|— 2.7) 6) 3,691 26) n. 16 
2.09, — 1.9 9} 4,123 29 n, 16 
0.35|— 3.1, 3} 4,680) 28 ne. 10 
0.82;— 2.2) 4) 3,443 34) w. 16 
1.5, 6) 4,457 32; nw. | 16 
0.87— 2.9 4,850) 35) sw. | 16 
1.52— 1.9 7, 6,625 32) sw. | 16 
2.20) —1.6 
1.70 —2.0 3, 808) s 24 sw. 16 
2.81! —2.0 6,994) s 36) se. 21 
4,415 2} nw. | 12 
3.35] —1.4 5,307| s 29| nw. 1 
3.75|— 0.2 3, 798] s 24) n. 31 
2.27;— 2.6 5,564) s 50} nw. | 16 
4.84+ 1.0 5,517 38) sw. 25 
1.09;\— 3.2 4,615 32) n. 16 
1.43|— 2.0 6, s 36| sw 8 
1.16/— 2.4| 7, 204| s n. 16 
0.96 — 2.0) 7,116 37) nw 5 
1.53,— 0.8 6, 834 36) nw 
1.51\— 2.0 4, 837 26! se. 3 


Jury, 1914 


| Partly cloudy days. 
| Cloudy days. 
Average cloudiness, tenths. 
Total snowfall. 
Snow on ground at end of 
month. 


| Clear days. 


AW MONA 09 


SAN € 


= 


| Elevation of Pr 
instruments. | it } 
| 
| 
| Ba | 
762; 189) 213 1.8 97, 11, 90 62) 30) 69| 64 
996, 93, 100 1.2 98 12 88 59) 31) 66 68 64 13) 6) 5.5).....).... 
399) 76, 97 2.5 98 11 92 66) 30) 74] 28) 73, 68 i} 5.0.....|.... 
546, 168) 191 2.0102 12 92° 61| 31) 71) 32) 68 62 13| 11 
989| 75) 102) 1.0100) 12) 88) 57} 19) 29)....|..-- 14] 10 
525| 219) 255 1.8102 12 58) 19) 70, 32 67 60 16} 9 3.8.....).... ' 
431; 72| 82 2.9102 12 93) 60) 19 72) 28) 68 61 17] 
822) 154) 164 2.3100 12, 90 19 68) 20) 65) 58 11] 18' 4.3).....|.... 
575| 129 .... 101! 12) 92 57| 19} 68! 33] 66) 59 4:6). 
152) 160 1.5 103) 12} 90) 58) 19) 69} 67| 61 10), 17) 4) 4.9).....).... 
824) 173) 222| 0.6 100) 12) 87, 53] 19 65) 31| 66) 61 19 6. 6 3.6).....].... 
216 0. 2,101) 12) 88) 53] 19| 31| 60 15} 11) 5) 3.9).....].... 
842) 353) 410 0.6) 94, 12) 84) 55) 31) 64 29 65| 60 10) 14,7] 4.7).....).... 
y 41) 50) 0. 7| 92) 12) 82 31) 57 35) +62) 60 9 13 9) 5.6.....)..-. 
0 53| 31] 65 37) 60] 16) 12 | 
| 
| | | } 
Buffalo................| 767] 247) 64) 61 618 | 
Canton................| 448] 10) 61 10) 3) 3.2). 
Oswego...............| 335, 76) 91 62, 59 16) 4 11/ 4.8.....).... 
523) 97) 113 62) 57 15] 7 914.8 .....|.... 
Syracuse..............| 597) 97) 113 63, 59 
714) 92) 102 64; 60 7| 
Cleveland ...| 762 190) 201 65) 61 11] 15! 5) 
629 62 103 66 61 9) 16; 6) 4.6).....).... 
628, 208, 246 + .01) 74.34 61 17]. 10) 4) 3.4).....].... 
856 113) 124 75.0/+ 67| 63 16, 11 4) 4.0).....|.... 
730 218 245 72.6\+ 64, 59 12) 14) 5) 4.8).....|.... 
| | 
Upper Lake Region. Pt | nde | | 142) 
Alpena................| 609) 13) 92 62) 58 19 
Escanaba............./ 612, 54) 60 63) 60 14) 10) 
Grand Have 632, 54 92 64| 60 
70 87 65) 60 12) 14) 
684, 62 72 21| 4 
11 62 65) 61 13) 12 
637, 60 66 63| 60 
734 77, 60) 57 12 10) 
638 70 120 63) 60 13) 12) 
641 48 82 65) 62 13, 10 
614 11 61 59) 56 12 13 
823 140 310 67) 62 15 16 
617 109 144 66| 63 9 13 ipa ee 
681) 119 133 65| 61 14 14 
ll 47 31! 62) 60 ll 
North Dakota. | | | | | 3.0) 
Moorhead.............| 940, 8 57 28.98) 29.97+ .03) 95) 27) 51 2 61) 36) 67| 64 1.8.....|.... 
8). 57 28.22) 29.97+ .04) 98| 26 86) 49 19 60) 37 64) 60 22 6 
li) 44 28.38) 29.92 — .O1 96, 27, 84) 48) 17 60) 33) 60 
40 47 27.97) 29.90 — .02) 73+ 98, 27) 87, 46, 17| 60| 40 62) 57 13 14) 
Upper Mississippi | | 
Valley. 78.3 + 2.9 | ; |¢@ 
| | | | | 
Minneapolis...........| 918 10 54 18) 66 gm...|.... 14 10, 4.4).....).... 
St. Paul...............| 837] 201) 236 53 18 65) 66} 62 1415 RAG. 
La Crosse.............| 714) 48 55) 18) 65] io} 1g) 
Madison...............| 974, 70) 78 55) 30) 65 66| 62 
10) 49 49 18 63| 68, 64 19, 11 
71, 79 55) 18) 68) 68) 63 15 12 
84) 97 56 18) 68) 68| 64 12 14 
Dubuque.............| 698, 81| 96 56, 18) 66) 68) 63 13 
Keokuk...............| 614) 64) 78 59 18) 69 70| 65 14| 17 
Cairo..................| 356} 87] 9% 64) 19) 73 70) 65 14, 10 
& 54 19) 66 67| 62 19 10 
......-| 644, 10 91 59, 30) 70) 67| 61 11 15 } 
Hannibal.............| £34) 74) 109 56) 19| 69 19 9 
St. Louis.............., 567) 265) 308 65) 30) 74) 69) 62 20, 8 
| 
Missouri Valley. | | } | | | | | 3.9 | 
Columbia, 781) 11' 84) we 16 91) 59| 20' 69) 9| 12) 6.0).....|.... 
161| 181 97| ..00) 16| 62) 31| 72} 26) 70) 65 12) 15 
St. Joseph............| 967) 49 | 20 70) 31) 65 16) 12 
Springfield, Mo... ..../1,324) 98) 104 .02 2.4) 15) 86 64] 71} 24) 69) 64 16, 8 
Stor 96/-+ .O1| 80.4/+ 2.3/101) 91) 58, 2 70) 28)....).... 12 
Topeka...............| 983} 85] ~ 80. 2.6/102) 16) 90, 62, 70} 32)....).... 13) 15 
11) 84) 28.73) 29.96-+ .01) 79.2\+ 2.8/103| 12) 91) 58 18 67| 32) 68) 64 14) 13 
115) 121) 28.82) 29.97/+ .02! 79.4/+ 2.9/100| 12; 89, 60) 31! 70} 25, 69] 64 is} 9 
Valentine. ............|2,598, 47) 54) 27.33] 29.99'+ .06) 75.9/+ 2.7) 98) 90 49 17 62) 36, 63) 55 23) 7| 2.8......|.... 
94) 164 28.78, 29.96 + 77.4/+ 3.2) 99 11) 88 57, 2 66) 31) 68) 63 14] 14) 3.8).....].... 
74) 28.61) 29.97+ .03, 75.8/+ 4.3/101| 26| 88) 52) 18 63| 38 66) 60 
70, 75) 25.34 29.96 + 78. 71+ 3.5)102, 26] 54) 19 34) 65) 57 19} 12) 
Yankton............../1,233! 49} 57) 28.67) 29.96/+ 77.4/+ 2.8/1011 89} 58) 17| 66] 
| 
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TaBLE I.—Climatological data for United States Weather Bureau stations, July, 1914—Continued. 
o 
Elevation of Pressure in Temperature of the air, in degree s = Precipitation ; ss 
instruments. inches. Fahrenheit. inches. Wind 
$ le le > | le |g ; 

Northern Slope. | 70.5\+ 2.4 53) 0.78|\— 0.8 3. 
2,505} 11) 44) 27.32) 29.89\— 72.04 3.9) 99) 27| 88} 42) 17] 56, 44 58 50) 55) 0.41/— 5| 5,110 w. 43) w. 21 2} 2.9)..... 
4,110} 87| 114) 25.85, 20.96/+ . 03} 69.5/+ 2.9) 93] 19] 84) 48) 1) 55) 37) 54 45) 49) 0.21|- 8] s 44) s. 13| 14] 13} 4) 3.8)..... 
Kalispell.............. 2,962, 11) 34) 26.93, 29.92.— 66.7/+ 2.4| 97 30} 83] 42) 21) 50, 45 54) 45) 53) 0.69— 0.2; 32491] w 24] sw. | 13] 19 11) 1) 3.2)..... 
2,371} 26] 48) 27.46, 29.94/+ 78.1/+ 5. 2/104) 27] 93] 50) 17] 63, 44’ 53; 49) 6) 3,737| s 30| nw. | 14] 15| 16} 0, 3.4)..... 
Rapid 3,259} 50) 58 | 29.98)+ .05| 74.2)+ 4.0 98 26) 88) 1) 60, 40} 60 51, 49] 2.17,— 0.4) 9) 6,155] w 42) w 14| 10} 17) 4| 4.2)..... 
Cheyenne............. 6,088} 84] 101] 24.15, 29.994 66.6\— 86, 26] 79] 43) 1] 54) 35) 54 47) 57| 1.30— 0.7) 14] 7’190\s 38 28; 4/19} 8 6.1). 
5,372 60} 24.75, 20.98+ .06| 69.2\+ 1.2) 93 12} 86] 43) 1) 53; 42) 53° 42, 45) 0.50— 0.4) 7| 3°852) sw. | 36) s 9| 10} 20] 1) 4.9 

Sheriden.............. ,790| 10} 47) 26.16, 29.98)...... 70. 4|...-.. 96, 20] 42) 1) 54) 47) 58 49) 52) 0.13)...... 5| 3,820) se 31) se 22} 20} 7} 4) 3.4). 
Yellowstone Park..... 200} 11) 48) 24.02, 30.02\4+ 62.0/+ 0.5| 84 12] 38| 17] 47; 40) 50) 42| 57| 0.36\— 0.8} 5,461 34] mw. | 24] 13] 13] 5) 4.2). 
North Platte.......... (2,821) 11) 51) 27.14) 30.00 + .07| 2. 1/100 11} 90} 49} 1) 63) 34] 65, 66, 0.58/— 2.1) 6 4) s 27; ne. | 16, 22} 7 2 28).. 

Middle Slope. | 79.1)+ 2.3) | | 1.52— 1.4 4.5) 
30.00'+ .09| 0.4) 94 8| 84) 50) 22 60, 34] 58 52 58! 1.49'— 0.1) 13] 5,095 sw. | 34] n. 1) 5| 21) 5) 5.2). 
Pueblo. . . | 29.98)4+ .07| 73.2\— 1.0) 93) 14] 86) 49) 1) 61) 34) 60 55) 62) 3.924 2.0) 11) 4,373) mw. | 34] mw. | 12) 11) 15) 5) 4.5). 
Concordia 3) 29.96|+ .01] 82.1+ 4.0110) 15] 95} 59] 2 70, 69 64| 61; 1.13|— 2.5) 47385] se. | 25] se 28; 2 7| 5.9 
29.944 .01| 79.3-+ 1.6102 15] 91) 57} 8 67 32} 67, 62 63) 0.36— 3.0} 5, 761] ne. | 16) 16| 12) 3) 3.7 
29.93|— .03| 82.4+ 3.4/103) 15] 92} 62| 19| 72) 27} 69| 64] 61, 1.60— 2.0, 7 7,873) 8. 36) 28) 19 6 3.8). 
Oklahoma . 01] 85.24 5. 4/106) 31] 97, 66, 73) 70, 64) 57, 0.62\— 3.0; 8,162| s. 34] nw. | 17| 14] 15] 2) 4.1 

. 

Southern Slope 0.4 60) 3.06/+ 0.2) 3.3 
‘1,738, 52} 28.19) 29.94/+ 84.0+ 1.8)104) 31) 96 23) 72 69} 61; 54) 1.05|— 5) 6,117| s 34] e 23] 14] 13} 4) 3.7)..... « 
3,676 49| 26.33) 29.98|-+ .06| 77.8 + 1.7) 97) 31] 90| 60) 2| 66 65| 60) 64) 3.07/— 0.1] 8 6,023) s sw 19} 12} 0) 3.5)..... 
64] 71) 28.96, 29.93\-4+ .03| 84.2\— 0.5| 99) 31] 95| 67, 2 74) 6.17/+ 3.9} 6,059) se 30 se 2} 26} 5| 0} 1.9)..... 
(3,566, 26.40, 29.94/-+ .06| 77.4|— 1.5] 94) 31] 89} 61) 66 64) 58 62} 1.97|— 1.5] 4,735) s 34) se 28) 13| 16) 4.2)..... 

Southern Plateau. 1.9 50) 1.85|— 0. 4.3 
3,762, 110} 133) 26.22) 29. 89]+ .05| 78.0\— 2.5} 95) 31] 89) 64) 17) 67 4.91/+ 2.8] 16) 6,645) e 20 8. 23| 3) 4.4/..... 
7,013, 57} 23.40, 29.93/+ .05| 67.0.— 86) 31] 77) 53) 24) 57 3.98)+ 1.3) 17 4326) se 34] s. 17} 1) 3) 7 6.1)..... 
6, 908) 62.7) — 2.3} 83) 7| 74) 41) 22) 51 4.48)...... nw 31] s. 12; 1) 18 12) 6.6)..... 
1,108 81) 28.70, 29.81/+ .03| 88.8 — 8|100, 72) 16 77 0.21|— 0.9} 6) 4,139) e 34] ne. | 29| 13] 13] 5| 4.5)..... 
141, 58) 29.65 29.79|+ .03| 91.6/+ 0.7112) 7/107) 70| 5| 77 T. |— 0.1) 4,239| sw. | 30) n. 15, 28; 3} 0. 
Independence......... 3,910, 11) 42) 25.99) 29.90/+ .07) 74.4)— 4.1) 96} 1) 90) 53 0.16) 0.0; 3 4, 400) se 32} se. | 12, 18} 12} 1) 3. > 

Middle Plateau. 71.4— 0.7 1. 05\+ .0.4 4. 
4,532) 74) 81) 25.51 29.92/+ 70.6/+ 3.1) 94) 31) 88) 49) 53 T. |— 0.1) 0} 5,198) w. 20) 25) 5) 1) 2. 
,090, 12} 20) 24.14 29.93)...... 1| 48) 21) 61 0.59'+ 0.3) 6,449) se. 20) 16] 13) 2| 4. 
Winnemucca.......... 4,344 18) 56) 25.63 29.94/4+ 72.0+ 0.4) 96) 19] 90) 46 9 54 0.19} 0.0} 3,889) sw. 27| 18| 12) 1) 3. 
5,479, 10 24.70 29.94|4+ .08) 69.0 — 0.7| 90) 8} 83) 45] 22) 55 1.50|+ 0.2} 6,889) sw. 21; 9| 13; 9 5. 
Salt Lake City. ....... 4,360) 147| 189) 25.66, 29.94/4 .04| 75.2\— 1.0) 96) 8] 86) 56| 23) 64 1.20+ 0.7) 5,147) se. 20| 10) 14) 7) 4. 

6,546 56 23.79 29.97\4 .08| 66.5 — 90) 12] 81) 23, 52 3.03|+ 1.5) 16| 3,429) nw. 25| 6 17| 8 5. 
Grand Junction....... 4,602 82} 96) 25.44 29.97/+ .08) 75.4\— 3.8] 95) 87| 22) 64 0.86+ 0.4) 12) 5,350) se. 3) 11; 12) 8| 5. 

Northern Plateau. 73.74 2.8 0.89\+ 0.4 3. 
3,471) 48} 53) 26.48, 29.99/4+ .04| 68.04 3.0) 96) 30] 84) 37) 52 0.71\+ 0.3} 3) 4,497) nw. 4| 19) 12) 0} 2. 
ts 2,739 86 27.14, 29.93) .00| 75.2.4 2.4) 98) 19] 43) 60 1.04/+ 0.9} 4) 3,984) nw 11) 18 6} 3. 
Lewiston.............. 757; 40) 48) 29.14 29.93|— .02) 77.84 4. 2/106, 30] 94) 49) 21) 62 0.43} 0.0) 3) 2,918) e. 20| 16| 14) 1) 2. 
Pooatello.............. 4,477) 54) 25.52, 29.94'+ .02! 71.64 0.4) 93) 19] 86) 47) 22) 58 1.78\+ 1.2| 11) 5,344) se. 24} 9} 15} 7] 5. 
Spokane.............. 1,929, 101| 110) 27.94) 29.94/— .02) 72.6'+ 3.8) 99) 30] 48) 58 1.28\+ 0.6) 4,307) sw 13) 18 19) 3} 3. 

alla Walla.......... 57| 65) 28.89) 29.94/— 77.2/+ 3.1/100) 30} 91) 53) 21) 64 0.12\— 0.3) 2) 3,271) s. 20 2} 2. 
North Pacific Coast 
61.5 — 0.3 0.07|— 0.7) 3. 
North Head........... 11} 56) 29.90 30.13/-+ .05) 55.3|— 2.4) 62) 26] 58) 49} 6) 53 0.07|— 0.5) 2113, 054) nw. 15| 11) 5) 4. 
Port Crescent......... 259| 53) 29.85) 30.14)+ .08) 54.4\— 1.9) 76) 17] 63, 36, 28) 46 0.03/— 0.6, 3,791| nw. 19} 9| 19} 3) 4. 
125| 215| 250, 29.96, 30.09/+ -05) 64. 0.7) 88 18] 74] 49) 6) 54) 0.01\— 0.7) 1) 5,737) ne. 19) 16, 9| 6| 3. 
213, 113) 120) 29.86, 30.09|+ 63.8|+ 0.4) 90 18] 74) 48) 28) 53) 0.01/— 0.6) 1) 4,411) n. 20) 16| 10} 5} 3. 
Tatoosh Island... ..... 109, 7| 30.02, 30.11/-+ .06, 54.6— 0.5) 63) 17| 58 27) 0.32\— 1.5! 5) 6,965) s. 14 11) 11] 9) 5. 
Portland, Oreg......:.| 68) 106| 29.88) 30.04|— 68.64 2.3) 94) 18) 80) 50) 21) 57) 0.01\— 5,021) n. 19) 19) 8 4) 3. 
510, 57| 29.48) 30.02|— .01) 69.6 + 3.5)102) 17} 86| 46) 21) 53) 0.01/— 0.3; 2,877) n 28} 3} 1. 
Middle Pacific Coast 
64.2'— 1.3 | 0.00, 0.0 4. 
62) 73) 29.99) 30.06|-+ 54.1/— 1.2) 63) 15] 58! 46) 27 0.01\— 0.1} 1) 4,462) nw. 4) 10) 7.0)..... 
Mount Tamalpais... . 2,375, 11) 18) 27.54) 29.98/+ .03| 67.6\— 2.9) 86| 15| 74| 46) 61 T. | 0.0) 8,781) nw. 7| 111.6)... 
Point Reyes Light...) ‘4 7} 18| 29.45] 29.97]...... 53.8)+ 0.1) 66) 14} 57) 48 9) 50 0.@7}...... 4/14, 932) nw. 1) 6 24! 8.71... 
332| 56) 29.53/ 29.87/— .02/ 80.2\— 1.91105] 95] 58 12 T. | 0.0) 0) 3,214! se. 16 27| 
Sacramento........... 69) 106) 117| 29.83) 29.90|+ .02) 71.0\— 1.5102) 15] 86] 52) 56 0.00} 0.0) 5,900! s. 11 30} 1) 0} 0.7]..... 
San Francisco......... 155| 200 29. 82| 29.98/+ 57.0\— 0.3, 73) 14| 62} 8! 52 0. 0.0} 1) 9,212) w. 19} 7| 5.8}..... 

141} 12) 110) 29.83] 29.98)...... 65.6|— 1.3; 92| 14) 77) 48) 29! 54 0. 0.0} 4,272) nw. 16, 24) 

South Pacific Coast 

Region. 69.3 — 0.6 68 0 0.0 3.2 

29.53} 29.87/+ .04) 80.5 — 1.5104) 24) 97| 57 13) 64 36, T 0.0! 0) 6,334; nw. 30) nw. 12 
29.59) 29.96/+ 66.8 — 0.6) 81 31| 56 23 58) 58} 80 0.01) 0.0 1) 3,895) s. s 10 18) 13| 0} 3.4)..... 
29. 86) 29.95|+ 65.8|— 1.1) 73) 8| 70] 60 29) 62} 61) 59| 82, 0 0.0; 0) 4,694) nw. | 19] mw. | 31 14) 17| 0} 3.7)..... 
29.82) 30.03/+ 64.1/+ 0.9) 82) 8| 76, 48) 8| 53 56, 52) 76 T 0.0; 0} 2,443) nw. | 12) w 12) 8) 22) 1) 4.5)..... 
29.97) 30.06)+ 79.4)...... 87| 12) 84) 72) 25) 75) 14/....]....]....| 5.70}— 0.7] 23)11,352) e. 40) ne. 20; 13) 15) 3) 4.4).....].... 
29. 79)......| 82.4/......] 94) 2) 91) 7) 28) 74 77| +75) 87) 4.32i— 3.4) 13) 6,024; nw. | 23] n. 16 8 
81. 93) 6} 89) 7% 74, 18] 76} 75) 91) 3.9) 14) 6,164) mw. | 25) ne. 23 
20. 83/......| 82.0)......| 88 74) 15) 78) 10) 78) 77) 86) 10.74/— 5.5} 20) 8,503) n. 26] n. 5 
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Taste II1.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during July, 1914, at ail stations furnished with sel f-registering gages. 


| Total duration. S5 | Excessive rate. £2 Depths of precipitation (in inches) during periods of time indicated. 
os | = | | | | 
| | s | 10 | 15 | 25 | 30| 35 | 40 | 45 | 50 | 60 | 80 | 100 | 120 
From— Te~ Began— Ended— min.| min. min, min, min. min. ‘min. |min. min. a min. min, min, min 
| om © | | 
| | < | af | | 
Amarillo, Tex....-.-....- 4 4.2 p.m. | 6.00 p.m. / 1.00} 4.30p.m.) 5.08p.m.| .02 18 34 40 40 47 | .69 | 95 
lL L2p.m 2.33 p.m. | 0.94 | L28p.m. 2.18 p.m .00 | .06 il 23 29 40 | .50 | .59 | .69 | .80 | .88 |...... 
17| 225p.m.| 3.33p.m./0.98| 258p.m.| 3.18p.m.| .03 .34] .71| .87| .95 Det 
the { 4 | 10.15 a.m. | 11.40a.m. | 0.93 | 10.20a.m. | 10.35a.m.] .27] .65| 
antic Cite N 25 | 6.21p.m. | 7.10 p.m. 0.92 | 6.36p.m. 6.51 p.m 01 .18 
6 | 9.10 p.m. | 10.10p.m. | 1.13 | 9.23 p.m. | 9.46 p.m .12 2) | 1.04 | 
13 | 3.15 p.m. | 4.49p.m. | 1.62 | 3.19p.m. | 3.59 p.m 01; .18 35 | .60 99 1.23 [1.85 11.48 [1.57 
Baltimore, Md....... one 11 | 12.05 a.m. | D.N.a.m. | 1.10 | 12.32a.m. | 1.07 a.m. 05}; .11] .18 39 
Bentonville. Ark 3 | 8.50a.m. 11.50a.m./ 1.95 | 9.56 a.m. | 10.35 a.m. 08 .06] .35) .55 | 78 | 
{ 7 | 12.55a.m.| 2.35a.m.]1.19| 1.08e.m.| 201a.m.| .01| .11) .26] .41 | .81 | .89 [1-05 [1.10 | 1.17 
Binghamton, N. Y ....... 6.18 p.m.] 840 p.m. | 1.62 6.38 p.m. | 7.23 p.m. 02; .10] .3: 39; .76 | .94 18 
2) 147p.m. | 2.25 p.m. | 0.59 | 1.55 p.m. | 2.06 p.m Ol; .29] .55 
Block Island, R. I........ 7.45p.m. | 7.15a.m. | 2.30) 2.55a.m. | 3.45 a.m. 53 | .10 21 26 | .3l .36 | .43 | .50 | .58 | .69 | .87 
“he 3 | D.N.a.m, | 7.35 a.m. 5.39 a.m. 24 06 09; .28| .51] .50] .72 .95 |1.06 (1.12 | 1.26 [1.52 |.....]..... 
Charleston, 8.C........-.{ {| | 815 p.m. 11.33a.m.| 114] .58| (1.03 [1.08 [1.12 
Chssiotie, N.C... .......- 6 | 6.50 p.m. | 7.12 p.m. 7.03 p.m. 00 | .32 
14 | 5.28p.m. | 11.52p.m. 11.27p.m.| .68| .06| .22] .43| .56] .7 73 | Sa 
Chattanooga, Tenn....... 15-16 | 4.20p.m, | 1.16a.m, 10.57 p.m. 47 15 35} .59 
28 | 144p.m, | 3.20 p.m. 2.36 p.m. 01 13 28 40 | 
16 | 1.58 p.m. 3.25 p.m. 2.32 p.m 00 2) .50 69 | .82 | 1.13 }1.46 62 
Cincinnati, Ohio.........-. 25 | 11.00p.m. | 11.40 p.m. 11.17 p.m 00 10; .37 62 
Cleveland, Ohio.......... 23 
Columbia. S. C 6-7 | 11.2 p.m. | D.N.a.m. 
9! 5.25p.m. | D.N.p.m. 
oncordia, Kans.......... 28 | 3.37 p.m.{ 5.58 p.m. 
Corpus Christi, Tex 12} 9.06 a.m, | 10.41 a.m. 
Devils Lake, N. Dak... 5 | 8.40p.m. |D.N.p.m. 
Dodge City, Kans....... 
Dubuque, Iowa.........-. 
Duluth, Minn............ 1i-12| 9.10p.m. |D.N.a.m. 
Bestport, Me. ...........- 
Elkins, W.Va........... | 12.42p.m. | 2.54p.m. 
14-15 | 7.10p.m. | D.N.a.m 
25-26 | 10.45p.m. | 9.30a.m 
28 | D.N.a.m. | D.N.a.m 
eens Mich bvaxostaam 26-27 | 11.30p.m 9.45 a.m 
Evansville, Ind...........| 16-17 | 7.25p.m.|D.N.a.m 
Fort Smith, Ark.......... 
1| 4.25p.m. | 5.15p.m 
Fort Wayne, Ind......... { 13 6.40p.m.| 9.20p.m. 
Grand Junction, Colo... .. 
.30 p.m. 55 p.m .50p 
Green Bay, Wis........... 23 | 12.40a.m.| 5.05 a.m 1.02 a 
27 | 8.55a.m. | 10.45a.m 9.30 a 
Harrisburg, Pa.......... 10-11 |} 8.00p.m. | D.N.a.m. 9.21 p. 
14} 4.10a.m.{ 2.10p.m. 6.27 a. 
15 | 10.40 a.m. | 12.30 p.m. 11.25 a. 
19 | 11.33a.m./ 1.05p.m. 12.16 a.m 07 | .16] .42 62| .78 REESE 
Houghion, 26 | "8.45 p.m. p.m. 9.18p.m. | 223 | | | 50 | | 


| 
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TasLeE II.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during July, 1914, at all stations furnished with sel f-registering gages—Continued. 


Stations. Date. 
Huron, 8. Dak.......-.. 30 
Independence, Cal... ...-- 20 
Indianapolis, ind......... 1 
4 
f 20 
Jacksonville, Fla......... 26 
Kalispell, Mont........... 13 
Kansas City, Mo......-..- 6 
Keokuk, Iowa.........-..- 16-17 
Key West, Fla.......-.... 
4 
Knoxville, Tenn.......... 
26 
28 
Lansing, Mich........ al 13 
Lewiston, Idaho.........- 7 
15 
Lincoln, Nebr..........-- { 4 
Little Rock, Ark........- { 
Los Angeles, Cal.......... 16 
€ 
Louisville, Ky..........-- { 
Ludington, Mich.....-.... 12 
Lynchburg, V@..........- 1 
4 
Marquette, Mich.......... 22-23 
Memphis, Tenn..........- 
Meridian, Miss 3-4 
Miami, Fla.... ie 13 
Milwaukee, Wis.........-. 23 
Minneapolis, Minn....-..-- 30 
15 
21 
Montgomery, Ala........- 3-4 
Moorhead, Minn.........- 15 
Mount Tamalpais, Cal. 20 
Mount Weather, Va...... { 
Nantucket, Mass.......-- 2 
Nashville, Tenn.......... 17 
New Haven, Conn........ { 29 
New Orleans, La......... 2 
3 
10 
Norfolk, Va......... 15 
North Head, Wash........ 25 
North Platte, Nebr. 22 
Oklahoma, Okla.. 2 
Omaha, Nebr... 6 
Oswego, N. Y....... 17 
Palestine, Tex. ..... 25 
Parkersburg, W. Va 26 
Pensacola, Fla ( 24 
a, 28 
16 
Philadelphia, Pa.......... 1-2 
27-28 
29 
24 
Pocatello, Idaho. ......... 13 
Point Reyes Light, Cal... 16 
Port Huron, Mich...... 13 
M6... 21 
Poruand, 12 
Providence, R. I........ 2 
Pueblo, Colo..........-.. 17 
1-2 
Raleigh, N.C.............8 ? 
14 
Rapid City, 8. Dak....... 2 
27 
Red Bluff, Cal......... 19 
22 
Richmond, Va............ 5 
Rocnester, N. 23 
Roseburg, Oreg.......-.. 7 
Roswell, N. Mex.......... 2 
Sacramento, Cal. ..........].- 
Saginaw, Mich............ 13 
St. Joseph, Mo... 6 
St. Louis, Mo........ 28 


St. Paul, Minn............ 


Excessive rate. 


Depths of precipitation (in inches) during periods of time indicated. 


Total duration. 
From— To— 
5.20a.m. | 2.12 p.m. 
2.31 p.m. | 7.35 p.m. 
3.20 p.m. | 4.50 p.m. 
{315 a.m. | 5.00a.m. 
6.25 p.m. | 7.05 p.m 
10.10 p.m. | 12.20 a.m 
2.31 p.m. | 11.05 a.m 
3.40 p.m. | D.N. p.m 
5.00 a. m 6.02 a. m 
D.N.a.m. |D.N.a.m. 
“1.37 p.m. | 3.58 p.m. 
5.20 p.m. | 6.37 p.m. 
9.18 p.m. | 10.15 p.m. 
7.00 a.m. | 10,00 a.m. 
D.N.a.m. | 9.30 a.m. 
‘11.53 p.m. | 12.35 a.m. 
5.22 p.m. | 6.31 p.m. 
7.40 p.m. | 10.30 p.m. 
5.55 p.m. | 7.30 p.m. 
12.30 p.m. | 1.10 p.m. 
5.31 p.m. | D.N. p.m. 
“2.10 p.m. |D.Nva.m. 
“7.45 p.m. | 6.10 a.m. 
5.47a.m. 7.33 a.m. 
“7.54a.m. | 1.55 p.m. 
“5.33 p.m. |D.N.a.m. 
1.25 a.m 4.25 a.m 
D.N.p.m.|D.N.p.m. 
2.03 p.m. | 2.47 p.m. 
“4.10 p.m. | 4.35 p.m. 
D.N.a.m. | 9.15 a.m. 
2.28 p.m. | 6.00 p.m. 
8.35 a.m. | 10.35 a.m. 
2.00 p.m. | 2.35 p.m. 
8.20 a.m. | 12.20 p.m. 
6.50 p.m. | D.N. p.m. 
11.50 a.m. | 12.55 p.m 
9.00 p.m. | 10.05 p.m. 
11.43a.m. | 1. 
“1.10 p.m. | 2.25 p.m. 
““4.14p.m. | 5.45 p.m. 
5.35 a.m. | 7. 
11.35 a.m. 1. 
12.57 p.m. | D. N.a.m. 
1.00 p.m. | 3. 
8.30 p.m. | 9. 
8.45 p.m. | 7. 
“9.15 p.m. | 9.50 p.m. 
“3.56 p.m. | 6.54p.m. 
4.28 p.m. | 6.36 p.m. 
10.56 p.m. | D. 
6.34p.m. | 8. 
4.16a.m. 7. 
3.45 p.m. | 5. 
1.03 p.m. | 1. 
| 7.22p.m. 


Total amount of 
precipitation. 


| 


excessive rate 


began. 


Amount before 


10 
min. 


Began— | Ended— 
| 


11.27 a.m. | 12.02 p.m. 
2.36 p.m. | 3.12 p.m. 
3.31 p.m. | 4.18 p.m. 
| 3.58 am. 
6.27 p.m. | 6.37 p.m. 
| 10.13 p.m. | 10.31 p.m. 
(2.42 p.m. | 3.06 p.m. 
{ 7.50a.m. | 8.32 a.m. 
5.25 p.m. 6.27 p.m. 
5.12 a.m. 5.43 a.m. 
12.18 a.m. | 12.43 a.m. 
“7.41 p.m. 2.10 p.m. 
5.29 p.m. | 6.19 p.m 
9.29 p.m. | 10.09 p.m 
9.01 a.m 9.31 a.m 
4.24 a.m 5.42 a.m 
11.58 p.m. | 12.23 a.m. 
6.01 p.m. | 6.17 p.m. 
8.10 p.m. | 8.32 p.m. 
6.08 p.m. | 6.28 p,m. 
12.30 p.m. | 12.57 p.m. 
5.48 p.m. | 7.23 p.m. 
“2.31 p.m. | 3.01 p.m. 
“7.49 p.m. | 8.46 p.m. 
5.49 a.m 6.16 a.m 
"8.09a.m. | 8.34a.m. 
“7.39 p.m. | 7.51 p.m. 
13la.m. 2.11 a.m 
10.30 p.m. | 11.00 p.m. 
2.08 p.m. | 2.41 p.m. 
“4.14 p.m. | 4.29 p.m. 
5.39a.m. | 5.58 a.m. 
2.28 p.m. | 3.21 p.m. 
8.41a.m. | 9.31 a.m. 
2.01 p.m. | 2.26 p.m. 
9.26a.m. | 9.45 a.m. 
10.47 a.m. | 11.22 a.m. 
| 6.50 p.m. 7.10 p.m. 
| 12.02 p.m. | 12.30 p.m. 


| | | | — | 
| | min. min. | min. | min. min. |min. pa min. |min. | min. |min. min. |min. een 
| | ee 
| 0.81 02] -14| .34) .41 | 47 | | | .64 | | 
| 1.19 | .47) .66 | 81 [1.09 [1.15 
| 1.83 | .37] .07| .21] .30] .33| .38| .48|.74 | .93 | 1.12 [1.18 |.....]..... 
| 1.38 | -17) .31 .96 | 1.20 [1.34 1.86 
3.12 | .20 | 1.36 1.88 | 2.18 2.53 |2. 78 |2.90 |2.99 
1.67 -06) .09| .17| .19| .28 | .46 | 55.) .58 | .64 | .80 |1.04 |.....)..... 
| 2.30 .34) .49) 1.00 1.12 [1.17 1.22 [1.25 | 1.37 1,68 1.98 |..... 
| 2. 50 .82| 1.02 | 1.30 |1.54 2.08 |2.13 | 2.21 
2. 32 | .02| .18| .57| .88] 1.15 | 1.21 
| 1.75 | 51 | {1.05 [1.26 [1.37 [1.45 58 
| 1.28 .02| .05| .27| .54| .66| .71|.77| .81 | .88 | .96 [1.14 
0.66 | 1.l4p.m.| 1.40p.m.{ .01| .07| .18| .31] .48| .54 | .58 
1.70 | 4.21p.m. | 5.41p.m. | | «21.23 | 24) | .47 | .81 [1.04 [1.20 | 1.49 |1.69 02. 
| 0.78 | 11.41 a.m. | 12.12 p.m. O1 | .20| .50 .55 | 
1.87 | 12.58a.m.| 1.18a.m.]| .71| .20| .41| .87| 1.05 
2.16} 2.08a.m.| 2.38a.m.| .56| .12] .27| .34| .45 .50 
| 0:87 |... ae 
} 1.29) 6.43 p.m. | 7.59p.m.] .18) . 4 4 ‘ 
| 3.03} 3.51p.m.| 4.39p.m.| .01| .22| .56| .86| 1.48 | 2.21 [2.57 |2.76 [2.87 [2.94 [2.99 
1341 6O7p,m. | 6.87pm. | .@ |. | - 
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Taste I1.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during July, 1914, at all stations furnished with sel f-registering gages—Continued. 


| 
Total duration. ed dg Excessive rate. is Fs Depths of precipitation (in inches) during periods of time indicated. 
Bo 
os | 
— B28! | 10 | 15 | 20 | 25 | 30 | 35 | 40.| 45 | 50 | 60 | 80 | 100 
From— To— 33 Began— | Ended— sis min. | nin. | min. | min. | min. | min.) min. min.) min. min.) min. | min.| min. min. 
& < 
Sand Key, Fla. .......... 12 | 12.05 p.m.| 2.05 p.m..| 1 12.25 p. m.|12.36 p.m..| .03 27 | .68 
| 2.00 a.m. -N. a.m. | 1.86 .52 a.m. .32 a.m. 1 
Thomasville, Ga.......... 12| 5.45p.m.| 7.27p.m.|1.12| 551p.m.| 631p.m.| :07| .47| 67 
Vicksburg, Miss.......... 15) 2.30a.m 5.35 a.m. | 2.73 | 2.53 a.m 3.52 a.m - 03 09 20 32 47 | 11.26 [1.64 (2.00 12.98 | 298 
Washington, D.C........ 28 | 3.12p.m./ 3.58p.m. | 0.50 | 3.15p.m. | 3.29p.m 01 19 
Williston, N. Dak. ....... { 8 16p.m. | 10.10p.m. | 0.65 | 6.16p.m.| 6.50p.m.| .00| | | 
Wilmington, N.C........ 7| 340p.m.| 4.35p.m. | 0.97 | 3.54p.m. | 4.23p.m. 01 23 50 | 60 73 | .83 | .93 |.....]..... 
; *Self-register not working. +Record partly estimated. t No precipitation occurred during month. 
TaBLeE III.—Data furnished by the Canadian Meteorological Service, July, 1914. 
; Pressure. Temperature. Precipitation. 
Station | Sea-level| | 
0) 
reduced | reduced | Peper | Mean, | 
to mean | to mean maxi- Highest.| Lowest. | Total. | 
of 24 of 24 from mean from | from | snowfall. 
hours, | 20rmal. | min. +2.) normal. | | | normal. 
Inches. | Inches. | Inches. of A | °F Inches. Inches Inches 
St. Johns, N. F.. 29.77 29.90 —.07 56.0 —3.3 63.5 48.5 | 82 39 3) a 3 eee 
Sydney, C. B.I 29. 92 29.96 +.03 61.5 —0.8 70.4 52.7 85 41 228} —1.87 |.......... 
alifax, N. S.. 29. 87 29.97 +.01 61.4 —2.0 70.9 51.8 | 88 41 ee eee 
Yarmouth, N. 29.92 29.99 +.04 59.0 —0.5 65.9 52.1 75 44 
Charlottetown, P. E. I 29.91 29.95 +.05 63.4 —0.7 71.7 55.1 81 39 2.14 st Re ee 
bess Chatham, N. 29.92 29.94 +.06 65.8 +0.8 77.9 53.7 90 42 2.07 Se, | 
Father Point, nickcbageabnssheusibatecenebabuse 29. 88 29.90 +.05 58.7 +1.1 68.3 49.1 90 36 2.02 —1.02 |.......... 
29. 63 29. 95 +.04 66.4 +0.9 77.6 55.3 92 46 1.18 
29. 76 29.96 +.03 68.3 —0.2 77.7 58.8 91 50 0.96 
Stonecliffe, 29.38 29.98 +.04 66.0 +0.4 80.3 51.6 92 40 1.52 
Ottawa, Ont 29.72 30. 04 +.10 67.4 —2.1 77.3 57.5 88 46 2.35 
Kingston, 29. 68 29.98 +.01 70.5 +2.3 76.8 64.2 50 0.98 | 
29.58 29.94 —.03 70.4 +2.4 80.5 60.4 93 48 1.00 
Port Stanley, 29. 36 29.99 +.01 68.9 +1.1 78.4 59.4 89 48 3.36 
Southampton, 65.4 +0.7 73.8 57.0 | 85 45 1.70 
Parry Sound, ‘Ont 29.32 30. 00 +.04 67.5 +1.5 79.3 55.7 | 92 45 1.05 
Port Arthur, ‘Ont 29. 29 30.00 +.06 63.5 +1.5 74.1 53.5 88 41 2. 30 
Winnipeg, Man 29.10 29.94 —.02 72.2 +6.2 83.9 60.6 94 47 7.14 
28.14 29.90 —.03 70.6 +8.4 84.6 56.5 99 42 2.23 
27.66 29. 86 —.06 69.5 +6.0 82.4 56.6 97 42 4.76 
27.59 29. 80 —.10 75.6 +7.8 93.0 58.1 104 46 0.34 | 
Swift Current, 27.33 29. 82 —.09 72.5 +6.0 90.5 54.5 101 40 0.76 
Calgary 26.37 29. 81 —.09 66. 4 +5.8 82.3 50.6 94 42 2. 52 
Ban , Alberta 25.42 29.92 +.02 60.8 +4.2 76.8 44.7 90 34 1.11 
Edmonton, sie 27.60 29. 84 —.06 63.5 +2.9 75.2 51.8 85 40 3.24 
Prince Albert, 28. 31 29. 84 —.07 67.0 +5.1 78.2 55.9 93 45 1.15 
Battleford, 28.13 29. 82 —.08 69.5 +4.8 83.5 55.5 96 47 1.28 
28.72 29.96 +.02 70.9 +2.4 85.0 56.9 95 44 0.53 | —1.08 |.......... 
Victoria, 29. 83 29.97 —.08 59.7 —0.3 67.5 51.8 80 48 —0.40 |........ oo 
25. 75 30.04 +.17 52.1 —3.0 63.5 40.6 74 32 4.69 
30.03 | 30.19) +.05 7.8| 83.0 72.7 87 69 1.66) 


| 
| | 
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Hydrographs of Several Principal Rivers, July, 1914. 
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